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THEORETICAL AND EXPERIMENTAL ANALYSIS OF LONGITUDINAL AND 


LATERAL AERODYNAMIC CHARACTERISTICS OF SKEWED WINGS 


AT SUBSONIC SPEEDS TO HIGH ANGLES OF ATTACK 


James M. Luckring

Langley Research Center 


SUMMARY 


This p ents a theoretical and experiment 1 analysis f the a ro­
dynamic characteristics of low-aspect-ratio skewed (oblique) wings having
separation-induced vortex flows along leading and side edges. The purposes 
of this investigation were to determine the effects of sweep and aspect ratio 
on the longitudinal and lateral-directional aerodynamic characteristics of 
these wings and to compare experimental results with asymmetric, separated,
vortex-flow theory. The theoretical analysis used the vortex-lattice method 
for estimating attached-flow aerodynamic characteristics and the leading-edge
suction analogy of Polhamus for estimating separation induced vortex-flow 
effects. The experimental results were obtained in the Langley high-speed
7- by 10-foot tunnel at a low-subsonic Mach number. 

In general, the effects of sweep on the longitudinal aerodynamic charac­

teristics of the skewed wings were small. The effects of aspect ratio were 

consistent with simple wing theory; that is, an increase in aspect ratio 

increased lift-curve slope and decreased drag due to lift. The effects of 

sweep and aspect ratio on the lateral-directional aerodynamic characteristics 

were more significantly pronounced. When either sweep or aspect ratio was 

increased, the magnitude of the lateral-directional coefficients increased. 


Total lift and drag were well estimated by the theoretical method employed.

Pitching moments and, to a lesser degree, rolling moments were also well esti­

mated as long as substantial amounts of vortex growth and subsequent inboard 

movement of the vortex core with increasing angle of attack were not encoun­

tered. This growth of the vortex and the subsequent inboard movement of the 

vortex core were documented in a series of oil-flow photographs and account 

for discrepancies between theoretical and experimental moments. 


INTRODUCTION 


The oblique-wing concept has undergone considerable study in recent years 
as a potential means of drag reduction (refs. 1 and 2 ) .  Although this concept 
was originally applied to high-aspect-ratio configurations such as transonic 
transport airplanes, recent application studies (refs. 3 and 4 )  indicate that 
there is an interest in low-aspect-ratio skewed (oblique) wing configurations
which may be applied to advanced fighter-aircraft concepts. These studies 
dealt with configurations designed to exhibit attached-flow characteristics up 
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t o  s ta l l .  I n  a d d i t i o n ,  t h e  t h e o r e t i c a l  e f f o r t  emphasized t h e  a n a l y s i s  of  low­
angle-of-at tack aerodynamic c h a r a c t e r i s t i c s  by at tached-f low l i n e a r  theory .-

However, t h e  flow over  skewed wings a t  maneuver cond i t ions  (as  is  t r u e  f o r  
swept wings) can con ta in  separat ion-induced vo r t ex  f lows which, because of  
t h e i r  asymmetry, can s i g n i f i c a n t l y  affect  t h e  aerodynamic c h a r a c t e r i s t i c s  of  
t h e  skewed wing i n  ways not  encountered by convent ional  (symmetric) swept 
wings. Very l i t t l e  informat ion  is  a v a i l a b l e  on t h i s  type  of  asymmetric flow. 

The p resen t  i n v e s t i g a t i o n  was conducted t o  determine and compare t h e o r e t i ­
cal  and experimental ,  nonl inear  aerodynamic c h a r a c t e r i s t i c s ,  up t o  h igh  a n g l e s  
o f  a t t a c k ,  of  s e v e r a l  low-aspect-rat io  skewed wings having separat ion-induced 
vo r t ex  flows a long  t h e i r  l ead ing  and s i d e  edges. The conf igu ra t ions  were 
untapered planforms (pa ra l l e log rams)  wi th  s i d e  edges a l igned  i n  t h e  free-stream 
d i r e c t i o n  and wi th  no t w i s t  o r  camber. The geometr ic  parameters  al tered i n  
t h i s  s tudy  were leading-edge sweep and a s p e c t  r a t i o .  The t h e o r e t i c a l  i n v e s t i ­
g a t i o n  was performed by us ing  a computer program developed, as p a r t  of  t h i s  
s tudy ,  f o r  t h e  a n a l y s i s  of  asymmetric flow cond i t ions  inc lud ing  both f u l l y  
a t t ached  flows and separat ion-induced vo r t ex  f lows.  Th i s  method, b r i e f l y  
descr ibed  i n  r e f e r e n c e  5 ,  is an ex tens ion  of  t h e  v o r t e x - l a t t i c e  method f o r  
e s t i m a t i n g  subsonic  aerodynamic characterist ics of  complex planforms (refs.  6 
and 7 )  and a p p l i e s  t h e  leading-edge s u c t i o n  analogy of  Polhamus ( refs .  8 t o  IO) 
f o r  t h e  a n a l y s i s  of t h e  separat ion-induced vortex-flow effects .  The wings were 
tested i n  t h e  Langley high-speed 7- by IO-foot t unne l  a t  a low-subsonic Mach 
number o f  0.12, which corresponded t o  a Reynolds number o f  2.46 x lo6/, 
(0.75 x 1 0 6 / f t ) .  Angles of a t t a c k  were va r i ed  from approximately .-40 t o  240, 
and ang le s  of  s i d e s l i p  were va r i ed  from approximately -IOo t o  IOo. 

SYMBOLS 

Phys ica l  q u a n t i t i e s  are presented i n  t h e  I n t e r n a t i o n a l  System of Uni t s  
(SI) w i t h  t h e  equ iva len t  va lues  i n  U.S. Customary Uni t s  given p a r e n t h e t i c a l l y .  
The measurements and c a l c u l a t i o n s  were made i n  U.S. Customary Uni t s .  A l l  data 
are referenced  t o  t h e  s t a b i l i t y  a x i s  system. I n  a d d i t i o n ,  t h e  t abu la t ed  va lues  
of  t he  rolling-moment and yawing-moment c o e f f i c i e n t s  are re ferenced  t o  t h e  body 
a x i s  system. The comparisons of t h e o r e t i c a l  w i t h  experimental  rolling-moment 
c o e f f i c i e n t s  are a l s o  re ferenced  t o  t h e  body a x i s  system. The quarter-chord 
po in t  measured a t  t h e  wing c e n t e r  l i n e  was des igna ted  as t h e  moment r e fe rence  
p o i n t .  

A a spec t  r a t i o ,  b2/S 

b wing span,  c m  ( i n .  1 

CD drag c o e f f i c i e n t ,  Drag/qmS 

cD,o experimental  drag c o e f f i c i e n t  a t  zero  l i f t  

CL l i f t  c o e f f i c i e n t ,  Lift/gODS 

CL,o l i f t  c o e f f i c i e n t  a t  zero  angle o f  a t t a c k  

2 



rolling-moment c o e f f i c i e n t ,  Rol l ing  moment/LSb 

Cm p i t c h  ing-moment c o e f f i c i e n t  , Pi t ch ing  moment /%SC 

Cm, o pitching-moment c o e f f i c i e n t  a t  zero  l i f t  

CN normal-force c o e f f i c i e n t ,  Normal force/&oS 

Cn yawing-moment c o e f f i c i e n t ,  Yawing moment/qwSb 

CS, l e  leading-edge suc t ion- force  c o e f f i c i e n t ,  K v , l e l  s i n  a1 s i n  a 

cT,  l e  leading-edge th rus t - fo rce  c o e f f i c i e n t ,  C s , l e  cos  A 

CY s ide - fo rce  c o e f f i c i e n t ,  Side force/qwS 

C Y ,  i elemen ta l  s i d e - f  o rce  c o e f f i c i e n t  

C Y ,  l e  leading-edge s ide - fo rce  c o e f f i c i e n t ,  C s , l e  s i n  A 

ACL ,v  increment of  CL a s s o c i a t e d  w i t h  augmented-vortex l i f t  

A C Y ,  se c o n t r i b u t i o n  t o  side-edge s ide - fo rce  c o e f f i c i e n t  from e lementa l  
spanwise s t r i p  

C streamwise chord,  c m  ( i n . )  
-
C r e fe rence  chord ,  c m  ( i n . )  


E c h a r a c t e r i s t i c  l eng th  used i n  computing Kv,= 


C 1  s e c t i o n  l i f t  c o e f f i c i e n t  


C S  s e c t i o n  suc t ion- force  c o e f f i c i e n t ,  Sec t ion  s u c t i o n  force/qwc 


C t  s e c t i o n  t h r u s t - f o r c e  c o e f f i c i e n t ,  Sec t ion  t h r u s t  force/qwc 


s e c t i o n  s ide - fo rce  c o e f f i c i e n t ,  Sec t ion  s i d e  force/qwc 

KP = a ( c N , p ) / a ( s i n  a c o s  a) 


Kv, l e  = a(Leading-edge s u c t i o n  force/qwS)/a(sin2 a) 


Kv ,se = a (T ip  s u c t i o n  force/qmS)/a(sin2 a) 


Kv ,se augmented-vortex l i f t  f a c t o r ,  (Kv, le /b  sec A > E  


Kv, t o t  = Kv,le  + Kv,se 


L.E. l ead ing  edge 


free-stream Mach number 
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..... . 

9, free-stream dynamic p res su re ,  Pa  ( l b f / f t 2 )  

R Reynolds number 


S re fe rence  area, m2 ( f t 2 >  


S horseshoe-vortex semiwidth 

U 
00 

free-stream v e l o c i t y ,  m/sec ( ft /sec) 

X d i s t a n c e  a long  wing c e n t e r  l i n e ,  . p o s i t i v e  downstream of  l ead ing  edge, 
cm ( i n . )  

Y spanwise d i s t a n c e ,  m ( f t )  

a ang le  of  a t tack,  deg 

B angle  of  s i d e s l i p ,  deg 

5 nondimensional spanwise d i s t a n c e  (see f ig .  3)  

n = 2y/b 

A leading-edge sweep ang le ,  deg 

x t ape r  r a t i o  

Subsc r ip t s :  

av average 

C cent r o  i d  

l e  l ead ing  edge 

P p o t e n t i a l  

r r o o t  

se s i d e  edge 

t o t  t o t a l  

V vo r t ex  

v l e  vor tex  effect a t  l ead ing  edge 

vse  vo r t ex  effect  a t  s i d e  edge 

V§E augmented-vortex effect  
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B p a r t i a l  d e r i v a t i v e  of  q u a n t i t y  subsc r ip t ed  wi th  r e s p e c t  t o  8 ,
a(  ) / a B ,  per  degree 

Supe r sc r ip t  : 

* parameter is computed f o r  one semispan only 

THEORETICAL A N A L Y S I S  

Method 

A technique h a s  been documented ( re fs .  6 and 7)  f o r  t h e  a n a l y s i s  of  both 
f u l l y  a t t ached  and separat ion-induced vortex-flow s i t u a t i o n s  f o r  Symmetric con­
f i g u r a t i o n s  having symmetric l oads .  With t h i s  method, t h e  a t t ached-po ten t i a l ­
flow s o l u t i o n  is  computed us ing  t h e  v o r t e x - l a t t i c e  method while  t h e  separa t ion-
induced vortex-flow s o l u t i o n  is computed us ing  t h e  s u c t i o n  analogy.  A computer 
program was developed as p a r t  of t h i s  s tudy  t o  compute po ten t i a l - f low solu­
t i o n s  about  a r b i t r a r y ,  t h i n ,  asymmetric conf igu ra t ions  by use of  t h e  vortex-
la t t ice  method. (The c a p a b i l i t i e s  of  t h i s  program are descr ibed  b r i e f l y  i n  
r e f .  5.) Once t h e  asymmetric po ten t ia l - f low s o l u t i o n  had been determined,  t h e  
suc t ion  analogy was used t o  compute t h e  vortex-flow s o l u t i o n .  This  r e s u l t e d  i n  
t h e  fo l lowing  formulat ion f o r  t h e o r e t i c a l ,  f o r c e  and moment c o e f f i c i e n t s :  

* 
C C P  C L ,  v l e  

C L , t o t  = ‘Kp* s i n  a cos2 J + -sin * a c o s  a’* 
* 

CL ,vse  
A 

+ r *K,, sel s i n  a1 s i n  a cos  a’ 

or 


* * a[ s i n  a cos  a ( I b )cL, tot  = K ~ *s i n  a cos2 a + ~ ~ , t ~ t l s i n  

*cD* = c D , ~  + K ~ *s i n 2  a cos  a + ~ , , t ~ t+ cL* t a n  a = c D , ~  s i n 3  a (2 )  

5 




* 
G P  Cm ,v l e  

* f * >  f * 
A * 

xc,P X c , l e  ’ 
C,, tot = Kp* s i n  a cos  a -- + K v ,  l e  I s i n  a1 s i n  a --

C C 

* 
Cm, vse 

* xc ,se 
+ 	 ~ , , , , l s i n  s i n  a --

C 

* 
C t , P  C I  ,vie 

F * \  f * 3 
yc , P  * Yc, l e  

C T l t o t  = K ~ *s i n  a cos  a -
b 

+ ~ , , l e ( s i na1 s i n  a -
b 

r * I

* Yc ,se 
+ 	 KVlseJs in  s i n  a - ( 4 )

b 

I n  equat ions  ( 1 )  t o  ( 4 ) ,  t h e  a s t e r i s k s  i n d i c a t e  t h a t  t h e  p a r t i c u l a r  parameter 
was computed f o r  each semispan i n d i v i d u a l l y  ( i n  t h e  presence of t h e  o t h e r  semi-
span) .  Later i n  t h i s  s e c t i o n ,  t h i s  method f o r  computing t h e  loads  w i l l  be 
shown t o  be u s e f u l  f o r  making comparisons o f  t h e  loads  on a swept wing w i t h  
those  on a skewed wing. The xc and yc terms i n  t h e s e  equa t ions  r ep resen t  
t h e  chordwise and spanwise d i s t a n c e s ,  r e s p e c t i v e l y ,  between t h e  appropr i a t e  
c e n t r o i d  and t h e  r e fe rence  po in t  (def ined  as t h e  quarter-chord po in t  of t h e  
mean geometric chord) .  S ince  t h e  suc t ion  analogy does n o t  provide a p r e d i c t i o n  
o f  t h e  rate of  inboard movement of  t h e  c e n t e r  of  vo r t ex  l i f t  wi th  inc reas ing  
ang le  o f  a t t a c k ,  t h e  r ea t t ached  vo r t ex  loads  were assumed t o  act  a t  t h e  cen­
t r o i d  of  t h e  corresponding edge-force d i s t r i b u t i o n  as has  been done i n  prev ious  
i n v e s t i g a t i o n s  ( r e f .  1 1 ) .  Hence, no angle-of-at tack effects on t h e  l o c a t i o n  of  
t h e  vo r t ex  loads  were represented .  T h i s  assumption is v a l i d  a s  long as  t h e  
vo r t ex  core  remains i n  t h e  v i c i n i t y  of  t h e  edge from which t h e  corresponding 
vo r t ex  s h e e t  is being generated. 

I n  a d d i t i o n  t o  t h e  edge-vortex f a c t o r s  K v , l e  and K v l s e ,  t h e  augmented-
vor t ex  l i f t  f a c t o r  K v , =  was included i n  the  formulat ion t o  account f o r  t h e  
effect  o f  t h e  leading-edge vo r t ex  which p e r s i s t s  over  t h e  a f t  po r t ion  of t h e  
wing ( r e f .  1 2 ) .  Figure 1 i l l u s t r a t e s  t h e  concept of augmented-vortex l i f t  
app l i ed  t o  a skewed wing (ref.  5 ) .  By apply ing  t h e  method of r e f e r e n c e  12 t o  
t h e  skewed wing, t h e  leading-edge-vortex l i f t  f a c t o r  K v , l e ,  developed along 
t h e  leading-edge l eng th  b sec A ,  p e r s i s t s  over  a p o r t i o n  of t h e  wing a f t  of  
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the  l ead ing  edge E ,  h e r e i n  taken t o  be  t h e  t i p  chord.  T h i s  r e s u l t s  i n  t h e  
a d d i t i o n a l  vo r t ex  l i f t  f a c t o r  

Kv,se  = 

and t h e  a d d i t i o n a l  vo r t ex  l i f t  q u a n t i t y  

ACL , v  = Kv ,=I s i n  ct1 s i n  ct cos  ct 

It should be noted t h a t ,  f o r  a skewed geometry, augmentation occur s  only on the  
t i p  of  t h e  sweptback (downwind) semispan. Recent i n v e s t i g a t i o n s  have demon­
strated t h a t  t h e  d i s t a n c e  over  which t h e  vor tex  pers i s t s  and,  hence,  t h e  e x t e n t  
of t h e  augmented e f f ec t ,  is angle-of-at tack dependent ( re f .  13).  T h i s  is due 
t o  t h e  w e l l  e s t a b l i s h e d  fact  t h a t  a s  angle  of  a t tack is inc reased  t h e  vo r t ex  
tends t o  grow and its c o r e  moves inboard ,  away from the  edge where the vor t ex  ,.,
sheet is being genera ted .  Hence, t h e  d i s t a n c e  c which g i v e s  r ise  t o  t h e  
augmented-vortex l i f t  w i l l  change as angle  o f  a t tack is inc reased .  For a-skewed planform, c w i l l  decrease  as  ang le  o f  a t t a c k  i s  inc reased ;  however, a s  
w i t h  t h e  edge-vortex terms, no angle-of-at tack effects on t h e  l o c a t i o n  of t h e  
vo r t ex  and,  hence,  on t h e  e x t e n t  o f  5, are represented  i n  t h e  present theo­
re t ica l  method. Therefore ,  t he  p resen t  method should tend t o  ove rp red ic t  t h e  
augmented-vortex l i f t  a t  h i g h  a n g l e s  of  a t tack .  S ince  t h e  chordwise c e n t r o i d  
of side-edge-vortex l i f t  d i s t r i b u t i o n  i s  gene ra l ly  near  t he  midpoint of t h e  t i p  
chord,  the  c e n t r o i d  of t h e  augmented-vortex l i f t  term is assumed t o  b e  t h e  mid­
po in t  of  t h e  downstream t i p  chord. Because t h e  a c t u a l  c e n t e r  of  vo r t ex  l i f t  
moves inboard as ang le  o f  a t tack is inc reased ,  t h i s  assumption about  the  cen­
t r o i d a l  l o c a t i o n  of  t h e  augmented-vortex l i f t  is expected t o  r e s u l t  i n  overpre­
d i c t i o n s  o f  moments due t o  augmentation a t  h i g h  a n g l e s  of  a t tack .  

Theore t i ca l  Resu l t s  

The t h e o r e t i c a l  methods j u s t  descr ibed  were used  i n  c a l c u l a t i n g  the  
e f f e c t s  of  wing sweep and a s p e c t  r a t i o  on t h e  magnitudes and c e n t r o i d s  of t h e  
load q u a n t i t i e s  K p ,  K v , l e ,  and K v , s e  f o r  t h e  skewed wing. S ince  t h e  
augmented-vortex l i f t  term is geometr ica l ly  related t o  t h e  leading-edge-vortex 
term, i t  is no t  included i n  t h i s  p r e s e n t a t i o n .  The q u a n t i t i e s  are presented  
f o r  each planform semispan. Hence, t he  t o t a l  l i f t  f a c t o r  f o r  a skewed wing 
conf igu ra t ion  is  the  sum of t h e  f a c t o r  a s soc ia t ed  w i t h  t h e  sweptback (downwind) 
semispan and the  f a c t o r  a s s o c i a t e d  w i t h  t h e  sweptforward (upwind) semispan. 
S i m i l a r l y  the  t o t a l  l i f t  f a c t o r  f o r  t h e  swept wing (symmetrical) conf igu ra t ion  
is twice the  va lue  shown. 

The effects o f  sweep ang le  on the  p o t e n t i a l  l i f t  f a c t o r  Kp and on the  
vo r t ex  l i f t  f a c t o r s  K v , l e  and K,,,, are presented  i n  f i g u r e  2 f o r  t h e  semi-
spans o f  both a swept wing and a skewed wing, each having an  a s p e c t  r a t i o  o f  
one. The f u l l  span skewed wing is  seen  t o  develop s l i g h t l y  less  t o t a l  
po ten t i a l - f low l i f t ,  t o  main ta in  e s s e n t i a l l y  t he  same amount o f  t o t a l  leading­
edge-vortex l i f t ,  and t o  develop s u b s t a n t i a l l y  less  t o t a l  side-edge-vortex 
l i f t  than a f u l l  span swept wing wi th  t h e  same sweep. For a l l  three l i f t  fac­
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semispan becomes unloaded over  t h e  range o f  configura­
the  change i n  t he  upwash f i e l d ,  as shown later.  The 
suc t ion  on the  sweptforward semispan is  a l s o  due t o  t he  

t o r s ,  the  sweptforward 
t i o n s  shown because o f  
r educ t ion  i n  side-edge 

I n  t he  computation o feffect  of forward sweep on side-edge s u c t i o n  ( re f .  5 ) .  

side-edge-vortex l i f t  by the  method o f  r e f e r e n c e  1 1 ,  t h e  p o r t i o n  of  t h e  wing 

inboard o f  t he  s i d e  edge is assumed t o  c o n t r i b u t e  t o  t h e  s i d e  f o r c e s  a c t i n g  on 
the  s i d e  edge. For sweptback wings, t he  r eg ion  o f  t h e  wing inboard o f  t h e  
l ead ing  edge (which m i g h t  be considered as c o n t r i b u t i n g  t o  a leading-edge s i d e  
f o r c e )  and the  reg ion  o f  t he  wing inboard o f  t h e  s i d e  edge are mutually exclu­
s i v e .  Moreover, i n  the case of  sweepback, t he  leading-edge s i d e  f o r c e  and t h e  
side-edge s i d e  f o r c e  are a c t i n g  i n  the  same d i r e c t i o n .  However, i n  t h e  
i n s t a n c e  o f  forward sweep such as f o r  a skewed wing as i l l u s t r a t e d  i n  the  upper 
l e f t  p a r t  o f  f i g u r e  3, t he  leading-edge s i d e  f o r c e  and t h e  side-edge s i d e  f o r c e  
on the  sweptforward semispan act  i n  oppos i t i on  t o  one ano the r  a c r o s s  an  elemen­
t a l  spanwise s t r i p .  A more detailed i l l u s t r a t i o n  o f  t he  sweptforward semispan 
is presented  i n  t he  upper r i g h t  po r t ion  o f  f i g u r e  3. Here the  leading-edge and 
side-edge s i d e  f o r c e s  are seen t o  oppose one ano the r  a long  a r e p r e s e n t a t i v e  
e lementa l  spanwise s t r i p ;  as a r e s u l t ,  there is a reg ion  o f  p o s i t i v e  elemental  
side f o r c e  and a reg ion  o f  nega t ive  e lementa l  s i d e  f o r c e .  The d i s t r i b u t i o n  o f  
e lementa l  s ide- force  c o e f f i c i e n t  a long  t h e  r e p r e s e n t a t i v e  spanwise s t r i p  is 
shown i n  t h e  lower r i g h t  p a r t  o f  f i g u r e  3. 

The change of  s i g n  o f  t h e  elemental  s i d e  f o r c e  tends  t o  imply t h a t  t he  
p o s i t i v e  e lementa l  s i d e  f o r c e s  act  on t h e  s i d e  edge w h i l e  t he  nega t ive  ele­
mental  s i d e  f o r c e s  act  on the  l ead ing  edge. A comparison of  t he  leading-edge 
s ide- force  c o e f f i c i e n t  d i s t r i b u t i o n  (computed by i n t e g r a t i n g  the  nega t ive  ele­
mental  s ide- force  c o e f f i c i e n t s  on the  sweptforward semispan) w i t h  t h e  s i d e  com­
ponent of  the  leading-edge t h r u s t  c o e f f i c i e n t  on the  sweptforward semispan is 
presented  i n  t h e  lower l e f t  p a r t  of  f i g u r e  3 .  The agreement tends  t o  substan­
t ia te  the  impl i ca t ion  t h a t  t h e  nega t ive  e lementa l  s i d e  f o r c e s  are i n  a c t u a l i t y  
t he  s ide- force  components o f  t he  leading-edge t h r u s t .  The p re sen t  method takes 
t h i s  f o r c e  i n t o  account by computing t h e  leading-edge t h r u s t  and us ing  t h e  
secant  r e l a t i o n s h i p  o f  t h e  leading-edge sweep t o  compute t h e  r e s u l t a n t  leading-
edge suc t ion .  Accordingly,  only the  p o s i t i v e  e lementa l  s i d e  f o r c e s  inboard of  
t h e  s ide  edge are i n t e g r a t e d  t o  compute t he  side-edge f o r c e  on t h e  sweptforward 
semispan proper ly .  

The effects of sweep on the spanwise c e n t r o i d s  o f  t he  p o t e n t i a l  and 
leading-edge-vortex l i f t  f a c t o r s  are presented i n  f i g u r e  4 f o r  both the  swept 
and the skewed wings. The nondimensional spanwise c e n t r o i d  of  t h e  side-edge­
vor t ex  l i f t  term is assumed t o  be one (a t  the  t i p ) .  For t h e  skewed wing con­
f i g u r a t i o n ,  t he  c e n t r o i d s  of  the sweptback semispan load ings  are f u r t h e r  out­
board than the  c e n t r o i d s  of  t he  loadings  on t h e  sweptforward semispan. I n  each 
case, however, t h e  c e n t r o i d s  are f u r t h e r  inboard f o r  t h e  skewed wing geometry 
than f o r  t h e  swept wing geometry. 

The effects of a s p e c t  r a t i o  on the  p o t e n t i a l  and vo r t ex  l i f t  f a c t o r s  are 
presented i n  f i g u r e  5 f o r  swept and skewed wings, each w i t h  30° of  sweep. Over 
the  a s p e c t - r a t i o  range shown, t he  o v e r a l l  effect  o f  t he  skewed geometry on t h e  
p o t e n t i a l  and vo r t ex  l i f t  f a c t o r s  is similar t o  t h a t  observed f o r  t h e  wings w i t h  
aspect ra t io  of one ( f ig .  2). For t he  a s p e c t - r a t i o  range shown, a f u l l  span 
skewed w i n g  is seen  t o  develop s l i g h t l y  less t o t a l  po ten t ia l - f low l i f t ,  t o  
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mainta in  e s s e n t i a l l y  the  same amount o f  t o t a l  leading-edge-vortex l i f t ,  and t o  
develop s u b s t a n t i a l l y  less t o t a l  side-edge-vortex l i f t  than  a f u l l  span swept 
wing of  t he  same aspect r a t i o .  The spanwise c e n t r o i d s  of these loadings  show 
( f ig .  6 )  t h a t ,  as i n  t he  v a r i a t i o n  o f  leading-edge sweep ( f ig .  41, t h e  spanwise 
c e n t r o i d s  on t h e  sweptback semispan remain f u r t h e r  outboard than t h e  spanwise 
c e n t r o i d s  on the  sweptforward semispan. These c e n t r o i d s  are f u r t h e r  inboard ,  
however, than  the c e n t r o i d s  f o r  the swept wing conf igu ra t ion .  Also shown is a 
reduct ion  i n  the d i f f e r e n c e  between swept and skewed wing p o t e n t i a l  c e n t r o i d  a t  
lower a spec t  r a t i o s  and leading-edge-vortex c e n t r o i d s  a t  h igher  a spec t  r a t i o s .  

The spanwise d i s t r i b u t i o n s  o f  t h e  t h e o r e t i c a l ,  potent ia l -span-load and 
leading-edge s e c t i o n  s u c t i o n  c o e f f i c i e n t s  are presented  i n  f i g u r e  7 f o r  both a 
swept and skewed wing (A = 45O, A = 1 .0 ) .  Comparisons of t he  two configura­
t i o n s  i l l u s t r a t e  t he  change i n  t h e  upwash f i e l d  as w e l l  as  the  s h i f t  of t h e  
p o t e n t i a l  and vo r t ex  l o a d s  t o  t he  sweptback semispan f o r  t h e  skewed wing plan-
form. For a g iven  ang le  o f  a t tack,  t he  complete t h e o r e t i c a l  span load d i s ­
t r i b u t i o n  could be computed from these two f i g u r e s  by apply ing  the  a p p r o p r i a t e  
c o n s t a n t s  and angle-of-at tack terms t o  each d i s t r i b u t i o n  of  c o e f f i c i e n t s  and 
then  summing the  r e s u l t s .  

EXPERIMENTAL INVESTIGATION 

Descr ip t ion  o f  Models 

A t o t a l  o f  s i x ,  t h i n ,  f l a t  wings were tes ted,  each having streamwise t i p s  
and symmetr ical ly  beveled sha rp  l ead ing  and s i d e  edges. The t r a i l i n g  edge of  
each model was unbeveled. Sharp edges were selected t o  a s s u r e  completely 
developed vo r t ex  f lows i n  accordance w i t h  t h e  purpose of  t h i s  s tudy.  The 
t r a i l i n g  edge w a s  l e f t  unbeveled because of t h e  manner i n  which a s p e c t - r a t i o  
v a r i a t i o n  was achieved. The geometr ic  parameters  p e r t i n e n t  t o  these models are 
g iven  i n  table I. Figure 8 p r e s e n t s  a r e p r e s e n t a t i v e  drawing of  t h e  wings. 
F igu res  9 ( a ) ,  ( b ) ,  ( c ) ,  and ( d )  are photographs of  models I ,  11, 111, and V I ,  
r e s p e c t i v e l y .  Models I V  and V were obtained by c u t t i n g  o f f  t h e  a f t  po r t ion  of 
model I ,  a t  t h e  a p p r o p r i a t e  chordwise s t a t i o n ,  p a r a l l e l  t o  t h e  t r a i l i n g  edge t o  
achieve  t h e  des i r ed  a s p e c t  r a t i o .  Model V I  cons i s t ed  of  a 113.03-cm- (44.5 i n . )  
long ogive c y l i n d e r ,  14.605 c m  (5 .75  i n . )  i n  diameter, w i t h  a nose f i n e n e s s  
r a t i o  o f  1.57, mounted symmetr ical ly  about  model 11. (See f ig .  8 ( b ) . )  The 
nose of  t he  fuselage was s i t u a t e d  48.46 c m  (19.08 i n . )  ahead o f  t h e  moment ref­
erence  p o i n t .  Number 80 t r a n s i t i o n  g r i t  w a s  a p p l i e d  t o  upper and lower s u r f a c e s  
o f  each wing approximately 2.54 cm ( 1  i n . )  behind t h e  wing l ead ing  edge and 
2.54 c m  ( 1 i n .  inboard o f  t h e  wing s i d e  edges (ref.  14) .  The t y p i c a l  wind-
tunne l  i n s t a l l a t i o n  is shown i n  f i g u r e  I O .  

Apparatus Tests and Cor rec t ions  

The models are depic ted  i n  f i g u r e s  8 t o  10 and have dimensions given i n  
t ab l e  I. The t es t s  were conducted i n  t he  Langley high-speed 7- by 10-foot 
t unne l  (ref. 15) a t  q, = 957.6 P a  (20 p s f ) ,  M, = 0.12, and R 2.46 X IO6/, 
(0.75 X 1 0 6 / f t ) .  A l l  models were tested a t  a n g l e s  of  attack from approximately 
- 4 O  t o  240 a t  ze ro  s i d e s l i p .  For t he  purpose o f  computing 6 -de r iva t ives ,  mod­
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e ls  I, 11, and I11 were a l s o  t e s t e d  over  t h e  same angle-of-at tack range  a t  
s i d e s l i p  a n g l e s  of  - 4 O  and 40. I n  a d d i t i o n ,  model I was t e s t e d  i n  s i d e s l i p  
from approximately -100 t o  100 a t  f i x e d  a n g l e s  o f  a t t a c k  of  approximately 60 
and 1 2 O .  This  s i d e s l i p  i n v e s t i g a t i o n  was conducted t o  v e r i f y  t h e  approxima­
t i o n  of  t h e  B-der iva t ive  by a l i n e a r  f i n i t e  d i f f e r e n c e  between t h e  r u n s  a t  
B = 4O and - 4 O .  F i n a l l y ,  o i l - f low s t u d i e s  were conducted f o r  models I ,  11, 
and I11 a t  a n g l e s  o f  a t t a c k  of  5 O ,  I O o ,  and 1 5 O  a t  ze ro  s i d e s l i p .  

A bolt-on balance housing was mounted beneath t h e  models. I n  a d d i t i o n ,  a 
dummy balance housing could be mounted on t h e  upper surface symmetr ical ly  wi th  
r e s p e c t  t o  t h e  ba lance  housing. The dummy housing was used t o  cance l  t h e  cam­
ber  caused by t h e  balance housing and hence minimize t h e  i n t e r f e r e n c e  effects 
of  t h e  housing appa ra tus  on t h e  experimental  d a t a .  S ince  it was no t  clear 
whether t h e  dummy balance housing mounted on t h e  upper s u r f a c e  of  t h e  wing 
would i n c r e a s e  or  decrease  t h e  i n t e r f e r e n c e  loads  due t o  vo r t ex  i n t e r a c t i o n  
wi th  t h e  housing appa ra tus ,  a l l  t es t s ,  except  f o r  t h e  wing-fuselage model, were 
conducted both with and without  t h e  dummy ba lance  housing. Table I1 provides  
a mat r ix  of t es t  parameters  f o r  each model. 

Angles o f  a t t a c k  have been co r rec t ed  f o r  t h e  effects  o f  balance and s t i n g  
d e f l e c t i o n s  due t o  loads .  A l l  drag da ta  have been co r rec t ed  t o  a cond i t ion  of  
free-stream s ta t ic  p res su re  a c t i n g  on t h e  base of t h e  ba lance  housing,  on t h e  
base of t h e  dummy housing, i n  t h e  balance chamber, and ,  f o r  t h e  wing-fuselage 
model, on t h e  base of t h e  fuse l age .  No c o r r e c t i o n s  have been app l i ed  f o r  j e t -
boundary or  blockage e f f e c t s .  These effects  were small because t h e  models were 
s m a l l  compared t o  t h e  test s e c t i o n ,  t h e  t es t  s e c t i o n  was s l o t t e d ,  and t h e  tes ts  
were conducted a t  low speeds.  

P resen ta t ion  of  Experimental R e s u l t s  

Experimental  resu l t s  i n  t h e  form of t a b u l a t e d  data are  presented  i n  
t a b l e s  I11 and I V .  I n  a d d i t i o n  t o  t h e  t abu la t ed  d a t a ,  r e s u l t s  are  presented  
g r a p h i c a l l y  i n  f i g u r e s  11 t o  25. Unless o therwise  s t a t e d ,  t h e  r e s u l t s  are f o r  
t h e  conf igu ra t ion  without  t h e  dummy balance housing. An o u t l i n e  of t h e  con­
t e n t s  of t h e s e  f i g u r e s  fol lows:  

F igure  
Flow v i s u a l i z a t i o n :  

~ ~ 3 0 0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
A = 4 5O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 
A = 5 5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
Sketches of wing-fuselage flow f i e l d  . . . . . . . . . . . . . . . . . .  14 

Longi tudina l  aerodynamic c h a r a c t e r i s t i c s :  
Sweep e f f e c t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
Aspect-rat io  e f f e c t  . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
Dummy-balance-housing effect  . . . . . . . . . . . . . . . . . . . . .  17 
F u s e l a g e e f f e c t .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

L a t e r a l - d i r e c t i o n a l  aerodynamic c h a r a c t e r i s t i c s :  
Sweep effect  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 
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Figure  

Aspec t - ra t io  e f f e c t  . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Dummy-balance-housing effect  . . . . . . . . . . . . . . . . . . . . .  21 
Fuselage e f f e c t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 

L a t e r a l - d i r e c t i o n a l  s t a b i l i t y  d e r i v a t i v e  c h a r a c t e r i s t i c s :  
S i d e s l i p e f f e c t .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3  
Sweep e f f e c t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 
Dummy-balance-housing e f fec t  . . . . . . . . . . . . . . . . . . . . .  25 

Flow v i s u a l i z a t i o n . - Surface  o i l - f low s t u d i e s  were conducted i n  o rde r  t o  
b e t t e r  understand t h e  na tu re  of  t h e  asymmetric vo r t ex  f lows.  The e f f e c t s  of 
ang le  o f  a t t a c k  are shown f o r  models I ( A  = 30°) ,  I1 ( A  450) ,  and I11 
( A  = 55O) ( f i g s .  1 1 ,  12,  and 13, r e s p e c t i v e l y ) .  The p e r t i n e n t  f e a t u r e s  of 
t h e  flows are as fo l lows:  

( 1 )  For each model a t  5O angle  of  a t t a c k ,  t h e  vo r t ex  was w e l l  formed and 
s i t u a t e d  near  t h e  edge from which it was being genera ted .  

( 2 )  A t  t h e  h igher  ang le s  o f  a t t a c k ,  t h e  vo r t ex  grew and moved substan­
t i a l l y  inboard from t h e  gene ra t ing  edge. A s  t h e  sweep ang le  w a s  i nc reased ,  
t h e  e x t e n t  which t h e  vo r t ex  moved inboard with i n c r e a s i n g  angle  of  a t t a c k  was 
decreased .  

(3 )  A t  15O angle  o f  a t t a c k ,  t h e  vo r t ex  on t h e  wing wi th  30° sweep a p p e a r s  
t o  be very weak. The s t r e n g t h  o f  t h e  vo r t ex  increased  as  t h e  sweep ang le  was 
inc reased .  Based on r e s u l t s  of  prev ious  i n v e s t i g a t i o n s  of symmetrical wings 
( r e f .  1 6 ) ,  t h e  b u r s t i n g  po in t  o f  t h e  vo r t ex  is probably w e l l  above each wing a t  
15O angle  of  a t t a c k .  

( 4 )  The reg ion  o f  t h e  wing outboard of  t h e  leading-edge vor tex  showed lit­
t l e  evidence o f  a t t ached  o r  r ea t t ached  f lows.  The ex ten t  of t h i s  reg ion  was 
decreased by inc reas ing  sweep. This  outboard r eg ion  is where t h e  secondary 
vortex’  would be expected t o  form. This  vo r t ex  d i d  no t  produce v i s i b l e  ev i ­
dence fo r  one of  t h e  fo l lowing  reasons :  ( a )  i t  d id  no t  form t o  any g r e a t  
e x t e n t ;  ( b )  it d id  form, but  it w a s  too  weak t o  d i s t u r b  t h e  su r face  o i l ;  o r  
( c )  it d id  form, bu t  i t  w a s  r a i s e d  o f f  t h e  s u r f a c e  of t h e  wing enough t o  pre­
vent  t h e  o i l  from being v i s i b l y  d i s tu rbed .  

( 5 )  The side-edge reg ion  of  t h e  sweptforward semispan showed v i s i b l e  ev i ­
dence of t h e  side-edge vo r t ex .  The side-edge vo r t ex  is no t  u s u a l l y  seen on a 
sweptback semispan because o f  t h e  p e r s i s t a n c e  of t h e  leading-edge vo r t ex  a long  
t h e  s i d e  edge. 

Addi t iona l  o i l - f low s t u d i e s  were conducted a t  200 angle  of a t t a c k .  These 
s t u d i e s  showed l i t t l e  evidence o f  a t t ached  o r  vo r t ex  flow on most of t h e  l e f t  

IThe secondary vo r t ex  is a coun te r - ro t a t ing  vo r t ex  induced by t h e  primary 
vo r t ex  and is s i t u a t e d  i n  t h e  r eg ion  between t h e  primary vo r t ex  and t h e  edge 
from which t h e  primary vo r t ex  is being genera ted .  
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semispan f o r  t h e  wing w i t h  a s p e c t  r a t i o  o f  1.0 and sweep of  30°. A s  t h e  sweep 
ang le  was i nc reased ,  t he  l e f t  semispan showed more evidence of  attached and 
v o r t e x  f low a t  t h i s  ang le  o f  attack. Sketches of  t he  s u r f a c e  o i l - f low p a t t e r n s  
f o r  t he  wing-fuselage conf igu ra t ion  a t  a low and a h igh  ang le  o f  a t t a c k  are 
presented i n  f i g u r e  14. The primary f e a t u r e  of  t h i s  conf igu ra t ion  was the  f o r ­
mation o f  a s e p a r a t e  leading-edge vo r t ex  on t h e  sweptback semispan. The apex 
o f  t h i s  vo r t ex  was s i t u a t e d  a t  the  junc tu re  o f  t h e  f u s e l a g e  and t h e  l ead ing  
edge. A s  angle  o f  attack was i nc reased ,  t h e  lead ing- and side-edge vor t ex  sys­
tem on t h e  sweptback (downwind) semispan moved inboard (toward t h e  f u s e l a g e ) ,  
whereas t he  leading-edge vo r t ex  on the  sweptforward (upwind) semispan moved 
outboard (away from the  fuselage) toward the  side-edge vor tex .  The skewed wing 
conf igu ra t ions  without  t he  fuselage encountered ex tens ive  inboard movement o f  
t h e  vo r t ex  system w i t h  inc reas ing  ang le  o f  attack. T h i s  movement w a s  decreased 
f o r  t h e  skewed wing conf igu ra t ion  with t h e  fuse l age  by f i x i n g  the  apex o f  t h e  
a d d i t i o n a l  leading-edge vo r t ex  a t  t h e  wing-fuselage junc tu re .  

Longi tudinal  aerodynamic c h a r a c t e r i s t i c s . - The effects  of v a r i a t i o n  i n  
leading-edge sweep (A = 300,-46u, and 5 5 O )  on t h e  l o n g i t u d i n a l  aerodynamic 
characteristics of  a skewed wing conf igu ra t ion  w i t h  aspect r a t i o  of one a t  
Mach 0.12 are presented i n  f i g u r e  15. Var i a t ion  of  t h e  leading-edge sweep 
ang le  had l i t t l e  in f luence  on l i f t  or  drag. However, f o r  ang le s  of  at tack 
less  than approximately 16O an inc rease  i n  sweep r e s u l t e d  i n  a more nose-down 
p i t c h i n g  moment, wh i l e  f o r  angles  of  a t tack greater than  approximately 16O an 
i n c r e a s e  i n  sweep r e s u l t e d  i n  a less nose-down p i t c h i n g  moment. For swept o r  
skewed wings, an i n c r e a s e  i n  leading-edge sweep r e s u l t s  i n  an inc rease  i n  
leading-edge s u c t i o n .  A s  shown t h e o r e t i c a l l y  ( f i g s .  2 t o  61,  t h e  p o t e n t i a l  
and vo r t ex  loads  on t h e  sweptback semispan were g r e a t e r  and s i t u a t e d  f u r t h e r  
outboard,  hence f u r t h e r  a f t ,  than  loads  on t h e  sweptforward semispan. I n  a d d i ­
t i o n ,  an i n c r e a s e  i n  sweep resul ted i n  an a f t  movement of t h e  leading-edge­
vor t ex  c e n t r o i d s  ( f i g .  4 ) .  Consequently, an inc rease  i n  sweep a t  lower a n g l e s  
o f  attack not  only inc reased  t h e  load on the  sweptback semispan r e l a t i v e  t o  t h e  
sweptforward semispan but  a l s o  increased  t h e  pitching-moment arm which r e s u l t e d  
i n  t h e  observed t rend .  A t  h i g h e r  ang le s  of  a t tack,  t h e  sweptback semispan was 
beginning t o  s t a l l  which r e s u l t e d  i n  t h e  less  nose-down p i t c h i n g  moment. 

The effects  o f  v a r i a t i o n  i n  aspect r a t i o  ( A  = 1 .0 ,  1.5, and 2.0) on the  
l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  of  a skewed wing w i t h  leading-edge 
sweep o f  30° are presented i n  f i g u r e  16. An inc rease  i n  a s p e c t  r a t i o  caused 
a s l i g h t l y  nega t ive  s h i f t  i n  C m / C ~  up t o  moderate a n g l e s  of  a t tack and ,  con­
s i s t e n t  w i t h  simple wing theory ,  increased  l i f t - c u r v e  s l o p e  and decreased drag 
due t o  lift. I n  a d d i t i o n ,  t h e  ang le  a t  which t h e  wing began t o  s t a l l  decreased 
as a s p e c t  r a t i o  was inc reased .  T h i s  r e s u l t e d  i n  a reduced maximum l i f t  c o e f f i ­
c i e n t .  Small s h i f t s  i n  C L , ~  and Cm,o a l s o  occurred as aspect r a t i o  was 
inc reased .  These s h i f t s  were caused by the increased  s i z e  of t h e  housing appa­
r a t u s  r e l a t i v e  t o  t h e  wing chord which was reduced t o  achieve  t h e  higher a s p e c t  
r a t i o s .  

The effects  of  t h e  dummy balance housing on the  l o n g i t u d i n a l  aerodynamic 
characterist ics (presented  i n  f i g .  17) were found t o  be g e n e r a l l y  small. S ince  
the  camber a t t r i b u t a b l e  t o  t h e  balance housing was canceled by t h a t  of  t h e  
dummy balance housing, t he  measured p i t c h i n g  moment, a t  ze ro  l i f t  and t h e  l i f t  
a t  zero  ang le  of  a t t a c k  more c l o s e l y  approximated the  expected va lues  o f  ze ro .  
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The effects of the  c y l i n d r i c a l  f u s e l a g e  on the  l o n g i t u d i n a l  aerodynamic 
characterist ics are presented  i n  f i g u r e  18. I n  t h i s  f i g u r e ,  a comparison i s  
made between the  wing-fuselage model and t h e  wing-alone model, both w i t h  and 
wi thout  the  dummy ba lance  housing. I n  g e n e r a l ,  the  fuse l age  had l i t t l e  i n f l u ­
ence  on t h e  l o n g i t u d i n a l  aerodynamic characterist ics.  The in f luence  of  t h e  
f u s e l a g e  was comparable i n  magnitude t o  the  i n f l u e n c e  of t h e  dummy balance 
housing.  

L a t e r a l - d i r e c t i o n a l  aerodynamic characteristics.- Because of the  asym­
metric geometry, t h e  skewed wing can develop large r o l l i n g - and yawing-moment 
c o e f f i c i e n t s  a t  z e r o  s i d e s l i p  ang le  and moderate a n g l e s  o f  at tack. These coef­
f i c i e n t s  become extremely non l inea r  a t  h igher  a n g l e s  of attack. For wings 
designed t o  promote attached f low,  these n o n l i n e a r i t i e s  can be a t t r i b u t e d  t o  a n  
asymmetric, spanwise s t a l l ,  w i t h  t he  sweptback semispan showing t h e  first ev i ­
dence of  s epa ra t ed  f l o w  ( re f .  3 ) .  For wings which e x h i b i t  separat ion-induced 
v o r t e x  f low,  these n o n l i n e a r i t i e s  s t i l l  occur  a t  high a n g l e s  of a t tack (shown 
i n  f i g .  19) and can be a t t r i b u t e d  t o  t h e  combination of  a n  asymmetric, spanwise 
s t a l l  and the  asymmetric n a t u r e  of  t h e  v o r t e x  system. 

The skewed wings a t  l o w  t o  moderate a n g l e s  of a t t a c k  had p o s i t i v e  r o l l i n g -
moment c o e f f i c i e n t s  C 2  and nega t ive  yawing-moment c o e f f i c i e n t s  Cn due t o  
t h e  inc reased  l o a d s  on t h e  sweptback semispan. An i n c r e a s e  i n  sweep a t  these 
a n g l e s  of  a t tack inc reased  t h e  magnitude of t h e  rolling-moment and ( t o  a lesser 
degree) yawing-moment c o e f f i c i e n t s  bu t  had l i t t l e  effect  on t h e  s ide - fo rce  
c o e f f i c i e n t s  Cy up t o  a moderate ang le  of  a t tack .  The skewed wings a t  h igh  
a n g l e s  o f  at tack had nega t ive  rolling-moment c o e f f i c i e n t s  and p o s i t i v e  yawing-
moment c o e f f i c i e n t s ,  because t h e  loads  had s h i f t e d  t o  t h e  sweptforward semispan 
An i n c r e a s e  i n  sweep caused a nega t ive  increment  i n  t h e  s ide - fo rce  c o e f f i c i e n t  
and had l i t t l e  d i s c e r n i b l e  e f fec t  on t h e  rolling-moment and yawing-moment coef­
f i c i e n t s  a t  h i g h  a n g l e s  of  at tack. A t  z e r o  ang le  of  at tack, these wings had 
nonzero yawing-moment and s ide - fo rce  c o e f f i c i e n t s .  T h i s  was thought  t o  be due 
to  a s l i g h t  misalignment of t h e  balance housing. However, t h e  main la teral-
d i r e c t i o n a l  parameter of  i n t e r e s t  was t h e  r o l l i n g  moment, and t h e  housing appa­
r a t u s  d i d  not  seem t o  i n f l u e n c e  t h i s  c o e f f i c i e n t  a t  ze ro  ang le  of  a t tack  t o  any 
great degree. 

The e f f e c t s  o f  changes i n  a s p e c t  r a t i o  on the  l a t e r a l - d i r e c t i o n a l  aerody­
namic c h a r a c t e r i s t i c s  are shown i n  f i g u r e  20. An i n c r e a s e  i n  a s p e c t  r a t i o  a t  
low t o  moderate a n g l e s  of  at tack inc reased  t h e  rolling-moment and s ide - fo rce  
c o e f f i c i e n t s  bu t  had l i t t l e  effect  on t h e  yawing-moment c o e f f i c i e n t .  A t  h igher  
a n g l e s  of  a t tack,  t h e  r o l l i n g - and yawing-moment c o e f f i c i e n t s  changed s'ign as 
they  had i n  t h e  s tudy  of sweep v a r i a t i o n .  An i n c r e a s e  i n  aspect r a t i o  a t  t h e  
h igher  a n g l e s  o f  attack caused a nega t ive  increment i n  t h e  rolling-moment coef­
f i c i e n t  and a p o s i t i v e  increment i n  t h e  yawing-moment and s ide - fo rce  c o e f f i ­
c i e n t s .  I n  a d d i t i o n ,  t h e  ang le  o f  attack a t  which t h e  data became h igh ly  non­
l i n e a r  decreased as a s p e c t  r a t i o  was inc reased .  T h i s  t r end  w a s  due t o  t h e  
ear l ier  development of  s t a l l  on the  h ighe r -a spec t - r a t io  wings. These wings had 
nonzero yawing-moment and s ide - fo rce  c o e f f i c i e n t s  a t  ze ro  ang le  of a t tack ,  
probably because of  t h e  misal igned ba lance  housing d iscussed  previous ly .  

A s  expec ted ,  t h e  dummy balance housing had l i t t l e  i n f l u e n c e  on t h e  
l a t e r a l - d i r e c t i o n a l  aerodynamic character is t ics  a t  low t o  moderate a n g l e s  of 
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at tack,  w h i l e  t h e  
t h e  dummy balance 

effects o f  i n t e r f e r e n c e  
housing were evident  a t  

between the  leading-edge vo r t ex  and 
higher  a n g l e s  of  attack ( f i g .  21) .  

64 
d 
4 

The l a t e r a l - d i r e c t i o n a l  aerodynamic characterist ics of  the  wing-fuselage 
conf igu ra t ion  are compared ( f i g .  22) t o  the  l a t e r a l - d i r e c t i o n a l  aerodynamic 
characterist ics o f  t he  A = 45O,  A = 1.0 wing w i t h  and without  t h e  dummy ba l ­
ance housing. The most no tab le  effects  of  t h e  fuse l age  a t  high ang le s  o f  
at tack were t o  prevent  the  rolling-moment c o e f f i c i e n t  from changing s i g n  and 
t o  cause large negat ive  yawing-moment and s ide - fo rce  c o e f f i c i e n t s .  A s  evi­
denced by a d d i t i o n a l  o i l - f low s t u d i e s ,  t h e s e  effects  could be a t t r i b u t e d  t o  t h e  
formation of  t he  s e p a r a t e  leading-edge vo r t ex  w i t h  an apex s i t u a t e d  a t  t h e  
junc tu re  of  the  fuse lage  and t h e  l ead ing  edge of  t h e  sweptback semispan 
( f i g .  1 4 ) .  The rolling-moment c h a r a c t e r i s t i c s  of t h e  wing fuse l age  were 
l i n e a r i z e d  a t  h igh  a n g l e s  o f  at tack because,  due t o  t h e  f ixed  l o c a t i o n  of t h e  
apex of  t he  a d d i t i o n a l  leading-edge vo r t ex ,  the  ex tens ive  inboard movement of  
the  vo r t ex  system w i t h  i n c r e a s i n g  ang le  of  at tack encountered by t h e  models 
w i t h  no fuse l age  was s u b s t a n t i a l l y  reduced f o r  the  model w i t h  t h e  fuse l age .  
The large,  nega t ive ,  yawing-moment and s ide - fo rce  c o e f f i c i e n t s  can be  a t t r i b ­
u ted  t o  t he  manner i n  which t h e  l e f t  and r i g h t  leading-edge v o r t i c e s  move w i t h  
i n c r e a s i n g  ang le  o f  a t tack as  well as  t o  t h e  ensuing s ta l l .  The leading- and 
side-edge v o r t i c e s  on t h e  sweptback (downwind) semispan moved inboard from 
t h e i r  r e s p e c t i v e  edges toward t h e  wing-fuselage junc tu re  as angle  of at tack 
was increased .  A t  t h e  same time, the  leading-edge vo r t ex  on t h e  sweptforward 
(upwind) semispan moved outboard from a p o s i t i o n  nea r  t h e  lead ing  edge, where 
i t  impinges upon the  fuselage, t o  a p o s i t i o n  nea r  t h e  s i d e  edge, where it had 
l i t t l e  i n t e r f e r e n c e  w i t h  t h e  fuselage. The wing-fuselage conf igu ra t ion  a t  h igh  
angles  o f  at tack showed v i s i b l e  evidence of s t a l l  outboard of  each vo r t ex ,  i n  
t h e  v i c i n i t y  of t h e  wing t i p  on t h e  sweptback semispan and i n  t h e  v i c i n i t y  of 
t h e  fuse lage  on the  sweptforward semispan. The asymmetric s t a l l ,  as w e l l  as 
t h e  r e l a t i v e  l o c a t i o n s  of  t h e  leading-edge v o r t i c e s  w i t h  r e s p e c t  t o  t h e  fuse­
lage, tends  t o  account f o r  t he  observed t r e n d s  i n  t he  yawing-moment and side-
f o r c e  c o e f f i c i e n t s .  It should be noted t h a t ,  a t  ze ro  ang le  of  at tack and ze ro  
s i d e s l i p  ang le ,  t he  yawing-moment and s ide- force  c o e f f i c i e n t s  f o r  t h e  wing-
fuse l age  conf igura t ion  were approximately equal  t o  ze ro ,  as expected. S ince  
t h e  fuse l age  completely enclosed the  housing a p p a r a t u s ,  these r e s u l t s  tend t o  
s u b s t a n t i a t e  t h e  assumption t h a t  t h e  nonzero va lues  of yawing-moment and s ide-
f o r c e  c o e f f i c i e n t s  f o r  t h e  o t h e r  conf igu ra t ions  a t  ze ro  ang le  of  a t tack and 
zero s i d e s l i p  ang le  were caused by a s l i g h t  misalignment o f  t h e  housing 
appara tus .  

The effects  of  s i d e s l i p  ang le  6 on rolling-moment, yawing-moment, and 
s ide- force  c o e f f i c i e n t s  for t h e  A = 1.0 ,  A = 30° skewed wing are shown 
( f i g .  2 3 )  f o r  ang le s  of  a t tack of a p p r o ~ i m a t e l y ' 6 ~and 1 2 O ,  both w i t h  and w i t h ­
out t h e  dummy balance housing. The dummy balance housing is seen t o  have lit­
t l e  effect  on t h e  l a t e r a l - d i r e c t i o n a l  c o e f f i c i e n t s  a t  t h e  lower angle  of a t tack.  
A t  t h e  h igher  angle  o f  a t t a c k ,  t h e  dummy balance housing h a s  a more pronounced 
in f luence  on t h e  l e v e l  o f  t h e  l a t e r a l - d i r e c t i o n a l  c o e f f i c i e n t s  and a s l i g h t  
i n f luence  on t h e  s l o p e s  of t he  data a t  6 = O o .  However, t h e  da ta  f o r  both 
ang le s  o f  a t t a c k  e x h i b i t  an approximately l i n e a r  r e l a t i o n s h i p  w i t h  s i d e s l i p  
angle  i n  the v i c i n i t y  of = Oo. T h i s  l i n e a r  r e l a t i o n s h i p  v a l i d a t e s  t h e  
method which approximates t h e  pa r t i a l  d e r i v a t i v e  of  t h e  l a t e r a l - d i r e c t i o n a l  
c o e f f i c i e n t  by f i n i t e  d i f f e r e n c e  us ing  t h e  runs  having 6 = bo and - 4 O .  
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The effects  of  leading-edge sweep v a r i a t i o n  on t h e  l a t e r a l - d i r e c t i o n a l  
s t a b i l i t y  d e r i v a t i v e s  are presented  i n  f i g u r e  24. An i n c r e a s e  i n  sweep 
decreased t h e  magnitude of  C z B  and increased  t h e  magnitude of CnB,  a l though 

t h e  l e v e l  of  CnB f o r  t h e s e  wings i s  very low r e l a t i v e  t o  convent ional  config­

u r a t i o n s .  The more h ighly  swept wings showed a s t r o n g  uns t ab le  break i n  cQ 
a t  approximately 1 2 O .  A l l  t h r e e  conf igu ra t ions  were very s tab le  d i r e c t i o n a l l y  
throughout  t h e  angle-of -a t tack  range i n v e s t i g a t e d .  The sweep change had l i t t l e  
effect  of  l e v e l  of  CyB. 

The e f f e c t s  of t h e  dummy ba lance  housing on t h e  l a t e r a l - d i r e c t i o n a l  sta­
b i l i t y  d e r i v a t i v e s  are presented  i n  f i g u r e  25. I n  g e n e r a l ,  t h e r e  was l i t t l e  
effect  up t o  an ang le  o f  a t t a c k  of 12O. Above t h i s  a n g l e ,  t h e  i n t e r f e r e n c e  
effects  were s i g n i f i c a n t  and r e s u l t e d  i n  more nonl inear  c h a r a c t e r i s t i c s  which 
became i n c r e a s i n g l y  d e s t a b i l i z i n g  as  leading-edge sweep ang le  was inc reased .  

COMPARISONS BETWEEN THEORY AND EXPERIMENT 

A t h e o r e t i c a l  a n a l y s i s  of the, l i f t ,  d rag ,  p i t c h i n g  moment, and r o l l i n g  
moment has  been performed by use  of  t h e  technique presented  i n  t h e  t h e o r e t i c a l  
method s e c t i o n  of t h i s  paper .  A l a t t i c e  of 6 chordwise and 40 spanwise singu­
l a r i t i e s  was used f o r  t h i s  a n a l y s i s .  The data presented  i n  t h i s  comparison are 
f o r  t h e  conf igu ra t ions  wi th  t h e  dummy balance housing. 

A comparison o f  t h e o r e t i c a l  and experimental  l i f t ,  drag, and p i t c h i n g  
moments is  presented i n  f i g u r e s  26 and 27. The very  large effects  of  t h e  
separat ion-induced vo r t ex  flow can be seen by comparison o f  t h e  experimental  
r e s u l t s  with t h e  at tached-f low theo ry .  Appl ica t ion  o f  t h e  suc t ion  analogy pro­
v ides  reasonable  p r e d i c t i o n s  of  t h e  vo r t ex  l i f t  c o n t r i b u t i o n s .  For example, 
t h e  lift and drag were w e l l  p r ed ic t ed  up t o  a CL o f  approximately 0 .8  when 
a l l  t h e  vo r t ex  l i f t  terms, inc lud ing  t h e  augmented term, were app l i ed .  
P i t ch ing  moments were a l s o  w e l l  p r ed ic t ed  by inc lud ing  t h e  augmented term f o r  
a l l  a spec t  r a t i o s  a t  II = 30°; however, Cm f o r  t h e  more h ighly  swep t  wings 
w a s  b e t t e r  p red ic t ed  without  t h e  augmented term. Hence, a p p l i c a t i o n  of t h e  
augmented-vortex l i f t  concept f o r  t h e  p r e d i c t i o n  of  p i t c h i n g  moments appears  
t o  be more s e n s i t i v e  t o  changes i n  sweep than t o  changes i n  a spec t  r a t i o .  The 
ove rp red ic t ions  of  t h e  pitching-moment c o e f f i c i e n t  a t  high ang le s  o f  a t t a c k  
emphasize t h e  s i g n i f i c a n c e  of t h e  r educ t ion  i n  t h e  augmented-vortex lift effect  
f o r  t h e s e  wings due t o  t h e  r educ t ion  of c" and t h e  forward s h i f t  of t h e  cen­
t r o i d  as t h e  vo r t ex  moves inboard wi th  inc reas ing  ang le  of a t t a c k .  S ince  t h e  
augmented-vortex term c o n s i s t e n t l y  improved t h e  l i f t  (and ,  hence,  d rag )  esti­
mates by a small amount bu t  d i d  not  c o n s i s t e n t l y  improve t h e  p r e d i c t i o n  of t h e  
pitching-moment t r e n d s ,  t h e  assumption about  t h e  c e n t r o i d a l  l o c a t i o n  (and,  
hence,  c " )  of these  loads  f o r  a skewed wing conf igu ra t ion  r e q u i r e s  f u r t h e r  
s tudy .  This  is a l s o  supported by f low-v i sua l i za t ion  r e s u l t s  presented  ear l ier .  
It is of  i n t e r e s t  t o  observe t h e  s i g n i f i c a n c e  of  t h e  side-edge-vortex loads  by 
not ing  t h a t  t h e  p i t c h i n g  moment p red ic t ed  by us ing  only t h e  a t t ached  flow and 
t h e  leading-edge-vortex theory  has  t h e  oppos i te  s i g n  of t h e  experimental  p i t ch ­
i n g  moments a t  high ang le s  o f  a t t a c k .  By inc lud ing  t h e  c o n t r i b u t i o n  from t h e  



side-edge v o r t i c e s ,  reasonable  c o r r e l a t i o n  was achieved up t o  a moderate a n g l e  
o f  attack. The o v e r a l l  f o r c e s  and p i t c h i n g  moments f o r  t he  conf igu ra t ion  w i t h  
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the fuse l age  ( f ig .  27) were reasonably w e l l  p r ed ic t ed  up t o  high a n g l e s  o f  Iat tack, w i t h  t he  augmented term r e s u l t i n g  i n  a s l i g h t  ove rp red ic t ion  of  l i f t  
and pitching-moment c o e f f i c i e n t s  a t  t h e  high a n g l e s  of  at tack. 

A comparison o f  t he  t h e o r e t i c a l  and exper imenta l  rolling-moment c o e f f i ­
c i e n t s  is presented i n  f i g u r e s  28 and 29. Except f o r  t h e  wing-fuselage config­
u r a t i o n ,  rolling-moment characteristics were w e l l  p r ed ic t ed  only  up t o  an  a n g l e  
of  attack o f  approximately 60 and,  a t  t h a t ,  on ly  by excluding t h e  augmented-
vor t ex  term. Above t h i s  a n g l e ,  the  data depa r t  from t h e  theory  and e v e n t u a l l y  
change s ign .  ( A s  wi th  the  p i t c h i n g  moments, t h e  a p p l i c a t i o n  o f  t h e  augmented-
vor t ex  l i f t  q u a n t i t y  a t  the  assumed c e n t r o i d  r e s u l t e d  i n  ove rp red ic t ions  o f  t h e  
r o l l i n g  moments.) T h i s  discrepancy between t h e  theo ry  and t h e  data can be 
a t t r i b u t e d  t o  the  vo r t ex  growth and subsequent inboard movement o f  t he  c e n t e r  
o f  vo r t ex  l i f t  as ang le  o f  at tack was i nc reased .  While p i t c h i n g  moments were 
reasonably w e l l  p r e d i c t e d ,  t he  r o l l i n g  moments were, as expected,  overpredic ted  
a t  moderate and high a n g l e s  of attack as the  a c t u a l  c e n t e r  of  vo r t ex  l i f t  moved 
inboard.  

The comparison o f  t h e  t h e o r e t i c a l  and exper imenta l  rolling-moment charac­
ter is t ics  o f  t h e  wing-fuselage conf igu ra t ion  are shown i n  f i g u r e  29. The 
rolling-moment characterist ics f o r  t h i s  conf igu ra t ion  were w e l l  p r ed ic t ed  up 
t o  an angle  o f  a t t tack o f  approximately 160 by exc luding  t h e  augmented-vortex 
c o n t r i b u t i o n .  As discussed  i n  t he  flow v i s u a l i z a t i o n  s e c t i o n ,  t h e  fuse lage  
caused a separate leading-edge vo r t ex  t o  form on the  sueptback semispan w i t h  
t h e  apex of the  vo r t ex  s i t u a t e d  a t  t h e  left-fuselage-leading-edge junc tu re  and ,  
hence,  kep t  t h e  vo r t ex  l o a d s  c l o s e r  t o  t he  edges from which t h e  v o r t i c e s  were 
genera ted .  For t h i s  r eason ,  t h e  r o l l i n g  moments were be t te r  p r e d i c t e d  for  t h i s  
conf igura t ion  than f o r  t h e  o t h e r s  by inc lud ing  t h e  edge-vortex terms. 

CONCLUSIONS 

A t h e o r e t i c a l  and experimental  a n a l y s i s  of t h e  aerodynamic character is t ics  
o f  s e v e r a l ,  t h i n ,  skewed wings having separat ion-induced vor tex  f lows a long  t h e  
l ead ing  and s i d e  edges has been presented .  The t h e o r e t i c a l  s tudy  was accom­
p l i shed  w i t h  a computer program t h a t  was developed f o r  t h e  a n a l y s i s  of asymmet­
r i c  flow cond i t ions  inc lud ing  both f u l l y  attached f lows and separat ion-induced 
vo r t ex  flows. The experimental  tests were conducted i n  t h e  Langley high-speed
7- by IO-foot t unne l  a t  a Mach number of 0.12. The experimental  tests inc luded  
an a d d i t i o n a l  conf igu ra t ion  having a c y l i n d r i c a l  fu se l age  mounted about one o f  
the skewed wings. The purpose o f  t he  i n v e s t i g a t i o n  was t o  determine t h e  effects 
o f  sweep and aspect r a t i o  on the  l o n g i t u d i n a l  and l a t e r a l - d i r e c t i o n a l  aerody­
namic characteristics o f  these skewed wings and t o  compare experimental  w i t h  
t h e o r e t i c a l  r e s u l t s .  The r e s u l t s  o f  t h i s  s tudy  are a s  fol lows:  

1.  For a given aspect r a t i o  and sweep a n g l e ,  t he  t h e o r e t i c a l  effect o f  t h e  
skewed planform was t o  s h i f t  t h e  loads  t o  t h e  sweptback semispan. The skewed 
wing, compared wi th  t he  swept wing, has s l i g h t l y  less poten t ia l - f low l i f t ,  
approximately the  same leading-edge-vortex l i f t ,  and s u b s t a n t i a l l y  less  s ide ­
edge-vortex l i f t .  
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2 .  The effect  of  sweep on t h e  experimenta.1 l o n g i t u d i n a l  aerodynamic char­
acter is t ics  was, i n  gene ra l ,  small ,  while  t h e  effect  o f  a s p e c t  r a t i o  was con­
s i s t e n t  w i t h  s imple wing theory ;  an i n c r e a s e  i n  a s p e c t  r a t i o  increased  l i f t -
curve s l o p e  and decreased drag  due t o  l i f t .  A s  a s p e c t  r a t i o  was inc reased ,  t h e  
ang le  o f  a t tack a t  which t h e  wing s ta l led  was decreased which r e s u l t e d  i n  a 
reduced maximum l i f t  c o e f f i c i e n t .  The fuse l age  had l i t t l e  in f luence  on t h e  
l o n g i t u d i n a l  aerodynamic characterist ics.  

3. Experimental r e s u l t s  i nd ica t ed  t h a t  t h e  skewed wings exh ib i t ed  rela­
t i v e l y  large va lues  of  r o l l i n g - and yawing-moment c o e f f i c i e n t s .  a t  moderate t o  
high ang le s  o f  attack and ze ro  s i d e s l i p .  An i n c r e a s e  i n  e i t h e r  sweep o r  aspect 
r a t i o  tended t o  i n c r e a s e  t h e  experimental  rolling-moment c o e f f i c i e n t s  a t  low t o  
moderate angles  of  attack and ze ro  s i d e s l i p ,  while  a t  high ang le s  of  a t tack ,  
t h e  l a t e r a l - d i r e c t i o n a l  aerodynamic c o e f f i c i e n t s  showed extreme n o n l i n e a r i t i e s  
( i n c l u d i n g  change of s i g n )  due t o  t h e  asymmetric na tu re  of t h e  leading- and 
side-edge v o r t i c e s .  Addition of  t h e  fuse l age  t o  t h e  skewed wing l i n e a r i z e d  
the  r o l l i n g  moment throughout the  angle-of-at tack range i n v e s t i g a t e d  by caus ing  
a vo r t ex  t o  form on t h e  sweptback semispan a t  t h e  wing-fuselage junc tu re .  Flow 
p a t t e r n s  seen i n  o i l - f low photographs c o r r e l a t e d  with measured c h a r a c t e r i s t i c s .  

4 .  The measured l i f t  and drag were c o n s i s t e n t l y  w e l l  estimated f o r  a l l  
conf igu ra t ions ,  up t o  a lift c o e f f i c i e n t  of approximately 0 .8 ,  by the vortex­
la t t ice-suc t ion-ana logy  theory w i t h  both t h e  edge-vortex and augmented-vortex 
terms inc luded .  

5 .  The measured p i t c h i n g  moments were no t  as c o n s i s t e n t l y  w e l l  p r ed ic t ed  
by inc lud ing  t h e  edge-vortex and augmented-vortex terms as t h e  lift and drag 
were. The assumption about  t h e  c e n t r o i d a l  l o c a t i o n  of t h e  augmented-vortex 
l ift r e s u l t e d  i n  ove rp red ic t ions  for the  wing-alone conf igu ra t ions  w i t h  45O 
and 55O sweep and r e q u i r e s  f u r t h e r  s tudy .  

6. Because t h e  p re sen t  t h e o r e t i c a l  method does not  account f o r  the inboard 
movement of  t h e  c e n t e r  of  vo r t ex  l i f t  w i t h  i n c r e a s i n g  ang le  of a t t a c k ,  t h e  mea­
sured  r o l l i n g  moments were w e l l  p r ed ic t ed  only up t o  an angle  of a t tack of 
approximately 6 O  by t h e  edge-vortex terms f o r  t h e  wing-alone conf igu ra t ions .  
Assumption of t h e  c e n t r o i d a l  l o c a t i o n  f o r  t h e  augmented-vortex l i f t  r e s u l t e d  
i n  s u b s t a n t i a l  ove rp red ic t ions  of  r o l l i n g  moment throughout t h e  angle-of-at tack 
range i n v e s t i g a t e d .  

7 .  The measured l i f t  and drag on t h e  wing-fuselage conf igu ra t ion  were w e l l  
estimated up t o  a l i f t  c o e f f i c i e n t  of  approximately 0.8. P i t ch ing  moments were 
reasonably w e l l  estimated throughout t he  angle-of-at tack range i n v e s t i g a t e d ,  
whi le  r o l l i n g  moments were w e l l  estimated w i t h  t h e  leading- and side-edge vor­
t e x  c o n t r i b u t i o n s  up t o  an ang le  of a t t a c k  of  approximately 16O. 

Langley Research Center 
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number A 

IV 	 1.5 
2 .o 

aSee figure 

Model I 
number 

I - - - - -
I1 


I11 
IV 
V

I VI 

TABLE I.- GEOMETRIC C H A R A C T E R I S T I C S  OF MODELS 

. . -.. - . .  

b 1 cr and c 
-

S 
X Fuselage I_.. . . _  . ~ .  

cm i n .  c m  i n .  m 2  f t 2  c m  i n .  
~ _ _  . .. 

1 O f f  60.96 24 60.96 24 0.37 4 .OO 15.24 6 
1 O f f  60.96 24 60.96 24 .37 4.00 15.24 6 
1 O f f  60.96 24 60.96 24 .37 4 .OO 15.24 6 
1 O f f  60.96 24 40.64 16 .25 2.67 10.16 4 
1 O f f  60.96 24 30.48 12 . I9  2.00 7.62 3 
1 On 60.96 24 60.96 24 .37 4 .OO 15.24 6 

_. -~ - - - -

TABLE 11.- T E S T  PROGRAM MATRIX 

-4O 5 01 6 240 

@ = 00 @ = 40 
. __ 

X 

X 

X 


..._ 
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TABLE 111.- CONFIGURATIONS 


Run as l i s t e d  
i n  table IV qa9

Pa 
A ,  
del3 

A Dummy ba lance  
housing 

a,
deg * 

1 958 45 1 Off -4 t o  24 
3 958 45 1 On -4 t o  24 
5 958 55 1 Off -4 t o  24 
7 958 55 1 On -4 t o  24 
9 958 30 1 On -4 t o  24 

11 958 30 1 Off -4 t o  24 
13 9 58 30 1 Off -4 t o  24 

15 958 30 1 On 12 
17 958 30 1 Off 12 

19 958 30 1 Off -4 t o  24 
21 958 30 1 On -4 to 24 
23 958 45 1 On -4 t o  24 
26 958 45 1 Off -4 t o  24 
28 958 55 1 Off -4 to 24 
30 958 55 1 On -4 t o  24 

32 958 55 1 On -4 t o  24 
34 958 55 1 Off -4 t o  24 
36 958 45 1 Off -4 t o  24 
38 958 45 1 On -4 t o  24 
40 958 30 1 O f f  -4 t o  24 
42 958 30 1 On -4 t o  24 

44 958 30 1 Off 6 
46 958 30 1 On 6 

48 958 45 1 (a> -4 t o  24 
50 958 30 1.5 O f f  -4 to 24 

52 958 30 1.5 On -4 t o  24 
54 9 58 30 2 Off -4 t o  24 
56 958 30 2 On -4 t o  24 

aModel VI. 

0 
0 

0 
0 
0 

0 

0 

-10 t o  10 
-50 t o  10 

4 
4 
4 
4 
4 
4 

-4 
-4 
-4 
-4 
-4 
-4 

-10 t o  10 
-10 t o  10 

0 
0 

0 

0 
0 
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TABLE 1V.- TABULATED RESULTS 


The symbols used i n  t h e  t abu la t ed  data are as fo l lows:  

RUN run  number (see t a b l e  111) 

ALPHA ang le  o f  a t t a c k ,  deg 

BETA ang le  o f  s i d e s l i p ,  deg 

Q free-stream dynamic p res su re ,  Pa 

CL(SA1 l i f t  c o e f f i c i e n t ,  s t a b i l i t y  a x i s  

CD(SA) drag c o e f f i c i e n t ,  s t a b i l i t y  a x i s  

CPM(SA1 pitching-moment c o e f f i c i e n t ,  s t a b i l i t y  a x i s  

CRM( SA) rolling-moment c o e f f i c i e n t ,  s t a b i l i t y  a x i s  

CYM(SA ) yawing-moment c o e f f i c i e n t ,  s t a b i l i t y  a x i s  

CSF(SA) s ide - fo rce  c o e f f i c i e n t ,  s t a b i l i t y  a x i s  

CRM(BA) rolling-moment c o e f f i c i e n t ,  body a x i s  

CYM(BA) yawing-moment c o e f f i c i e n t ,  body a x i s  

RUN 1 

-.oo -.oo 961.1110 -.0070 .0114 -0037 -.0001 -.OOlP -0035 
-2.86 -.01 961.0445 -.0891 -0147 .0042 -.0014 -.0013 .0009 
-1.00 

.04 
1.07 

-.01 
-.oo 
.oo 

961.0445 
961.7097 
961.5101 

- so336-.0060 
. 0 2 2 4  

.0120 
,0115 
no117 

-0035 
.0040 
-0043  

-.0005 
- s o 0 0 3  
.OOOl 

-.0019 
-.0019 
-.0019 

-0030 
a0032 
.0032 

2.10 
3.16 
4.23 

.01 

.01 

.02 

963.1729 
966.8309 
960.5 126 

-0538  
.0858 
-1237 

,0125 
,0141 
-0170 

-0045 
.0040 
-0038 

.ooos 

.0011 
-0016 

-.0017 
-.0014 
-.0011 

,0023 
a0015 
.0002 

5.32 .02 9 60.44 61 -1646 -0227 .0029 -0027 -.0016 -0003 
6 - 4 4  e 0 3  962.4415 m2137 -0312 .0008 .0038 -.0020 .0005 
7.56 - 0 4  967.2966 - 2 6 3 9  a0416 -.0022 .0048 -.OO24 .0002 
8 - 6 0  .04 959.5 817 - 3 1 4 6  e 0 5 4 3  - a 0 0 5 3  -0053 -.0027 .0002 
9.81 - 0 5  951.2673 -3717 e0701 -.0093 .0062 - . 0033  e0003 
10.99 - 0 5  957.4532 . 4290  . O B 8 5  -so134 a0060 - . 0036  .0002 
13.31 e 0 6  9 4 5 . 8 1 2 9  . 5 4 3 3  -1327 -so227 . 0 0 3 9  - .0037 -.0003 
15.71 -07 940.6909 -6669  ~ 1 9 0 7  - e 0 3 2 8  -.0011 - .0030 - .0009 
17.97 
20.23 

.Ob 

.04 
945.9460 
949.5379 

.7738 

.E706 
,2537 
-3236 

-a0431 
-so515 

-.0085 
-.0184 

-.0013 
-0016 

-.0010 
-so005 

22.39 .Ol 965.3684 ,9271 ,3858 -.0564 -.0317 - 0 0 6 6  .0011 
24.29 - e 0 3  952.3316 .9880 m4509 - a 0 6 4 0  - . 0 4 2 4  .0118 -0026 

blPHb B E T A  0 C L I S A I  CO(SAI C P M I  S A )  C R M ( S A 1  C Y M I  S A  I C S F ( S A I  

.Ol -.oo 952.1320 -.0028 .0114 . 0 0 4 0  - . 0 0 0 1  -.OOlO .0029 

C R M I B A I  C Y M I E A I  

-.0001 -.0019 

-.0014 -.0012 

-so005 -a0019 
-.0003 -.0019 

.DO02 -.0019 
~ 0 0 0 5  -e0016 
.0012 -moo13 
-0016 -.0010 
-0029 - w o o 1 4  
,0040 -so016 
,0050 -e0017 
-0056 -.0019 
-0067  - .oozz  
-0066  - . o o z 4  
-0047 - e 0 0 2 7  

-.0002 -a0032  
-.0077 -.0038 
-e0178 - e 0 0 4 9  
-.0318 - s o 0 6 0  
-.0435 -.0067 
-.OOOl -.0018 
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TABLE 1V.- Continued 

RUN 3 

ALPHA B E T A  0 C L I S A I  C D I S A I  C P M I S A I  C R M I  S A  I CYHI S A  I CSFISAI C R V I B A I  C Y U I B A I  

.01 -.oo 966.1616 .OOIO -0114 -.0008 .0001 -.0016 . 0 0 3 3  .0001 -.0016 

-2.97 
-1.02 

-.01 
-.01 

960.042 7 
959.3773 

-.0828-.0229 -0146 -.0005 
.012O -.0012 

-.0010 
-.0002 

-.0010 
-.0016 

.0007 
-0031 

-.0011 
-.0002 

-.0009 

-.0016 


.oo -.OO 963.1021 -0032  -0116 - .0008 -.oooo -.0016 .0032 -.oooo -.0016 
1.03 -.oo ~ ~ ~ ~-963.3682 
 -0302 -0119 - .0006 .0003 -moo16 .0034 .0003 -.0016 
2.06 .OO 961.3729 .Ob08 .0128 -.OOlO -0009 -.0013 - 0 0 2 6  .0010 -.0013 

3.14 .Ol 959.1779 -0960 -0145 -.0013 .0012 -so009 .0010 .0012 -.0009 

4 . 2 0  .02 960 s 6512 .1325 -0176 - .0024 .0022 -.0008 -.0002 .OOZE -.OOOb 

5.29 
6.40 
7.51 

.02 

.03 

.04 

964-3639 
963.9668 
959.5171 

,1725
,2219 
-2691 

.O228 -so027 
e0315 -.0049 
.Oklk -.00?8 

-002 5 
.0040 
.0054 

-.0009 
-.0014 
-.0020 

-.0005 
-.0002 
-.0009 

,0026 
.0051 
e0056 

-.0007 

-.0010 

-.0013 


8.63 .os 957.714B .3184 .0529 -.0108 -0062  -.0025 -.0025 -0066 -.OOlb 

9.75 - 0 6  956.7037 a3716 -0665 -.0145 .OO?2 -.OO29 -.0032 -0076 -.0016 

10.91 -07 949.0680 . 4 2 6 0  -0829 -so179 a0069 -so030 -.0080 .00?4 -.0017 

13.26 .10 960.3087 .5433 -1244 -.0303 ~ 0 0 6 2  -.0021 -.a169 -0065 - .OOOb 

15.61 .ll 963.1021 -6477 -1750 -.0131 -.0014 .0018 - .0242 -.0018 -0013 

17.79 -09 955-3191 ~ 7 2 7 7  ~2275 - .OS04  -a0115 - 0 0 5 4  -.0251 -.0126 -0016 

19.99 -06  953.3241 .BO79 - 2 8 8 3  -e0528 -.0241 .0091 -.0212 -a0257 -0004 

22.15 .02 951.1229 . e743  e 3 5 0 8  -e0559 -.0347 .0124 -.0141 -a0369 -.0016 

2 4 . 0 8  -.02 937.4270 ,9320 .4145 -.Ob79 -.0401 .01*2 - .0033 -.0424 - . 0034  


- . 0 3  -.oo 945.4759 .0034 -0114 -.OOlO .0002 -.OOl3 .0024 .0002 -.0013 


RUN 5 

A L P H A  B E T A  0 CLISAI CDISAI C P I I I S A . )  C R U I S A I  CYUISAI CSFISAI C R U I B A I  C Y M I B A I  

.01 - a 0 0  966.0919 -.0009 .0109 .ooze -a0003 -.0017 -0031 - . 0003  -.0017 

-3.10 -.01 960.9709 -.0881 -0138 -0012  -.0015 -.0008 -.0001 -.0016 -.0007 

-.97 -a01 961.9686 - .O278 -0113 -0023 -.0002 -.0016 .0027 - . 0003  -.0016 


- 0 4  -.OO 961.3699 - .0020 .oiii .0021 .OOOl -so017 .0030 .0001 -e0017 

1.07 -00 9b7.2226 -0259 a0115 .0013 .0008 -so015 .0026 .0008 -.0015 

2.10 -01 959.9066 - 0 5 6 5  ,0125 -0005 .0014 -.0011 .0018 -0015 -.0011 

3.14 a01 959.1086 .oar1 -0145 -.0001 .0020 -.0008 .0005 .0020 -.0006 

4.22  -02  960.5033 .1246 -0186 -.001? , 0033  -.0011 -.0001 - 0 0 3 4  - .0008 

5.30 
6 . 5 0  

- 0 3  
.03 

961.0373 
958.9090 

-1671 
-2113 

-0247  
.0327 

-.0048 
-.0089 

-0051 
-0069 

-.0015-.0020 
-.OOOk 
-.0006 

.0032 

.0071 
-.DO10 

-.0012 


7.53 - 0 4  957.7784 . 2646  .0435 -e0135 .008C -.0025 -.0008 SO086 -.0014 

8 . 6 4  -05 957.7118 - 3 2 0 7  -0567 -so192 .0101 - . 0 0 3 0  -.0013 .0104 -.0014 

9.76 - 0 6  955-4506 .3710 .or12 -.0232 .0105 - . 0 0 3 4  -.0017 -0109 -moo16 

10.93 -06 957.7118 . 4 2 4 3  .0807 -.O2?6 -0105 -.0036 - . 0 0 2 4  .0110 - .0015 

13.26 -07 941-6659 .5394 .1327 - a 0 3 4 7  -0075 - . 0036  -.0035 .0081 -.0018 

15.65 
17.98 

.07 
- 0 6  

947.4022 
962.4341 

- 6 4 8 6  
.7554 

-1865 
. 2 4 9 4  

-.0385 
- . 0 3 8 8  

- .oooo 
-.0109 

-.0027 
-.0009 

- . 0 0 4 4  
-.0053 

,0007 
-.0101 

-.OOZb 

-.0042 


20.20 -05 951.3264 . 8 4 7 2  -3158 -e0399 -.0217 -0019 - . 0 0 4 3  -.0210 -.0057 

22.  47 - 0 2  964.2296 -9386 a3927 -a0435 -00329 .0051 -.DO31 - a 0 3 2 4  -.0079 

2 4 . 3 2  	 -.Ol 965.0942 .9787 . 4 4 7 7  -.0421 -.0432 .0093 -.0016 - . 0 4 3 2  - e 0 0 9 3  


.02 -.OO 964.7617 moo19 -0107 .0021 .0000 -.0016 .0027 .0000 -a0016 


RUN 7 

A L P H A  B E T A  0 CLISAI CDISA) C P M I S A I  C R M I S A I  CYHI S A  I CSF(SA1 C R M I B A )  CYMOA.) 

.oo - e 0 0  965.8907 .0034 .010? -.0024 .0004 -.0013 .0032 .0004 -.0013 

-3 .04 -e01 960.1045 - .0808 ~ 0 1 3 3  -.0010 -.0008 -.0005 -.0001 -.0008 -.0005 

-.98 -.01 954.8500 -.0197 .0110 -.0021 .0004 -.0013 .0031 .0004 -so013 


.04 -.00 957.1101 -0053 -0109 -.0027 .0006 -so013 .0033 .000b -e0013 

1.05 - e 0 0  962.0332 .OS21 -0113 -no033 .0012 -.OOll .ooze .0012 -.0010 

2.09 -01 961.6342 .Ob05 .0124 - . O O t 8  .OO22  -.0006 .0015 .OO22  -.0005 

3.14 .01 961.5671 0900 a0144 -so057 .0028 -.0002 .0002 .ooze -.oooo 

4 . 2 0  .02 963.3633 .1285 -0183 -.0070 .0040 -.0005 -.OOO8 . o w 0  -.0002 

5.30 - 0 3  957.2455 .1721 .0248 -.0101 .0056 -.0010 -.OOOb .0057 -.0004 

6 . 3 9  -03 957.6435 ~ 2 1 6 7  -0326 -.0142 -0075 -.0015 .-.0013 .PO76 -a0007 

7 . 5 0  -05 956.6k38 -2656 - 0 4 2 3  -e0176 .0088 -.0020 -.0031 .0090 - a 0 0 0 9  

8 . 6 2  .Ob 960.5035 ~ 3 1 3 3  .OS34 -.0218 .0104 -.OD25 -.0054 -0106 - a 0 0 0 9  

9.15 e07 959.7052 -3676 - 0 6 7 4  -so257 -0115 -e0027 -.0093 .0118 -.O007 

10.90 -09 954.9828 .4170 .0826 - . 0 2 8 4  a0114 - e 0 0 2 6  -mol32 -0116 - .0004 

13.26 -12 960.9023 - 4 3 1 0  -1229 -.0355 .0105 -.0019 - .o r40  -0106 .0006 

15.61 
17.85 

a15 
.17 

955.3154 
955.7143 

e6419.7497 
-1725 - a 0 4 5 3  
m2309 - a 0 5 6 4  

-0073 
.0022 

.0001 

.0032 
-.0360 
- a 0 4 6 5  

-0071 
.0011 

.0020 

-0037 


20 a 13 -16 960.5698 . a310  -2952  -.0592 -.0109 .0080 -.0516 -a0130 ~ 0 0 3 8  

2 2 . 2 4  -09 951.3906 .e790 .3497 -.OIL9 -a0307 .0150 - a 0 4 2 6  -a0337 -0013 


.oo -.OD 966.0899 a0043 -0106 -.0027 -0006 -.0012 .0029 so006 -.0012 
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TABLE IV .- Continued 

ALPHA BETA 0 C L ( S A I  

.01 -.oo 952.6634 .0040 
-2.06 - .01 958.1175 - s o 5 5 5  

-.98 -.oo 957.7184 - a 0 2 2 8  
-05 -.oo 956.8530 e 0 0 6 4  

1-06 .OO 961.7756 ,0313 
2.13 .01 970.4217 -0659  
3.19 .01 961.3099 -0987  
4.25 .02 956.2551 -1356 
5 . 3 4  .02 957.7182 -1769 
6.45 -03 956-3214 ~ 2 2 0 8  
7.57 -03 964.3693 a2691 
8.70 .04 964.3693 a3182 
9.81 .05 953.7937 -3709 
10.99 - 0 6  963.1055 -4229 
12.11 -07 954.3923 ,4791 
15.63 
17.83 

-06.04 
947.8738 
949.4701 

- 6 4 2 5  
-7339 

20.02 .01 960.2452 -8182 
22.10 -.01 964.2358 ,8835 
24.31 -.02 958.5824 ~ 9 7 3 7  

.01 -.oo 959.5136 -0OS2 

ALPHA B E T A  0 C L I S A I  

.OO 
-2.27 

-.oo 
-.01 

957.7018 
953.9107 

-e0031-.0681 
-.99 -.oo 9 57.7 018 -e0310 

. O S  -.oo 951.5828 - 0 0 0 4  
1.07 .oo 969.6066 -0273 
2.12 .01 975.6588 .0589 
3.20 .Ol 959.0984 - 0 9 4 2  
4.25 .02 957.7017 -1303 
5 . 3 4  .O2 951.3761 -1740 
6.47 - 0 3  963.2219 .2176 
7.58 a03 960.3620 - 2 6 5 9  
8.70 .04 956.8370 -3182 
9.82 - 0 4  951.3761 0 3705 
10.99 .04  959-6969 .4251 
13.32 .05 955.2408 -5416 
15.12 .04 962.2908 -6579 
17.93 .02 968.0105 .7539 
19.92 .oo 964.  k8 57 -8301 
22.14 -.02 955.6400- .9006 
2 4 . 2 6  -a03 975 5919 . 9 8 5 b  

.oo -.oo 960.5617 -e0035 

ALPHA B E T A  0 CL(SA1 

.OQ -.OO 954.8421 -.0025 
-2.61 -.01 957.3030 -.0827 

- . P I  -.oo 955.1747 - a 0 3 0 8  
-02 .oo 954.908 6 -.0029 

1.06 .OO 959.6973 -0276 
2.12 .01 961.k931 -0585 
3.20 .01 916.4811 -0947 
4.26 .02 968 4098 -1322  
5.32 .02 954.9751 -1711 
6 - 5 6  .03 954.6423 -2179 
7.58 - 0 3  954.9 749 - 2 6 8 2  
8.70 .04 956.3050 -3166 
9 . 8 3  - 0 4  954.9082 -3715 
11.01 .04 944.6650 ~ 4 3 3 6  
13.36 .04 957.7016 -5515 
15.75 .OI 96b.3475 a6659 
17.97 .02 960.5 614 -7677 
20.10 -.01 951.0364 .a413 
22.11 -a03 959.8963 -9149 
24.34 -e 0 3  962.4901 1.0074 

.01 -00 963.0887 -.OO30 

RUN 9 

C O ( S A I  C P R ( S A 1  

.0125 -.0022 
-0137 -a0039 
-0126 - . 0033  
.O124 -.OOLO 
-0130 -.0013 

-0143 -roo08 

.0164 - .0008 
.0194 -.0011 

.0230 -.0011 

-0317 -.0011 

-0425 -.002k 

.0556 - . 0043  
.Ob83 -.0076 
-0843 -.0115 

.lo31 -.0177 

,1791 - . 0 4 4 2  
-2357 -.Ob07 
.2992 -.OB07 
-3611 -.lo66 

.**lo -.1326 

,0125 -.OOZP 


R U N  11 


C O ( S A l  C P R ( S A l  

-0128 ,0025 

-0148 ,0006 
-0132 .00lk 

-0129 .0025 
a0132 ,0035 

a0142 .a039 

-0165 -0043 

mol93 .0045 

, 0 2 4 0  .0042 
~0315 e0038 

. 0 4 2 0  .ooze 
.0547 .0002 
-0699 -.0036 
.OB80 -.0086 
,1327 -.0211 

-1891 - . 0 3 6 3  
.2483 -.0536 

-3063 -.0717 

.3735 -.lo15 
.4515 -.1314 

.0128 .OOL4 


RUN 13 

C O I S A I  C P R ( S A 1  

~01 25 .002a 
.0145 .0009 
-0126 .0017 

.0124 .0028 
-0127 -0030 
.0138 .0045 

-0155 -0047 

.Ole2 .0045 
-0227 .0045 
.0305 -0043 
.0410 .0030 
.0534 .0005 
a0691 -.0029 
no886 -.0086 
-1342 -.0216 

e1904 -.0368 

.2520 -.0553 
,3147 -.0762 

-3786 -.lo70 

.4608 -a1356 
.0125 -0026 

CRM( S A  I C Y R I S A I  C S F I S A I  C R R ( 8 A I  C Y M t D A l  

.0002 -.0014 a0024 .0002 -.0014 
-.oooo -.a012 -0013 -.0001 -.0012 

.0002 -e0013 -0019 .0001 -so013 

.0002 -moo13 -0023 .0002 -a0013 

.0006 -a0013 .002* ,0006 -.0013 

.OOlO -.0012 .0021 .a010 -.0012 
-0014.0021 -.0011 

- a 0 0 0 9  
.0018 
.0007 

.0015 

.0022 
-.0010 
-e0007 

a 0 0 2 3  -.0008 -.0003 -0023 -.0006 
-0023 -.OOlO -.0003 .0024 -.O007 
.Ob30 
-0031 

-.0012 
-.0014 

-.oooo-.0007 .0032 
.0032 

-.oooa 
-.0009 

.0032 -so013 -.0025 .0034 - .0008 

.0029 -.0008 -.OO52 .0030 -.0003 
.0032 - .0002 -.0080 .0031 .ooos 

-.0042 -0037 - .0083 -a0051 ,0025 
-a0115 -0059 -.0034 -.0128 .0021 
-a0177 .008 2 .0019 -mol95 .0016 
- s o 2 2 3  .0111 .0065 - . O Z 4 8  .0019 
-a0219 a0127 -0077 - .0252 -0026 
.DO04 -a0013 .OO22 .0004 -.0013 

C R M ( S A 1  C Y H (  S A 1  C S F ( S A I '  C R M ( B A I  C Y R l 8 A l  

.0001 -so016 .ooze .OOOl -.OOlb 
-.0002 -.0015 .0016 -.0003 -.0015 
-.oooo -a0016 -0026 -.oooo -.0016 

,0004 -a0016 .0027 .0004 -.0016 
-0006 
.0011 

-.0016-.0014 
.0027 
,0024 

.0006 

.0011 
-.0016 
-.0014 

.OOlk -e0013 .0020 .0014 -a0013 
-0017 -.0011 .0010 .0018 -.0010 
.002 1 
.0028 
-0027 

-.0010 
-.0012 
-e0013 

.0002 
-.oooo 

.0004 

.0022 

.0029 

.0028 

-.0008 
-.ooo')
-.0010 

.0027 -.0014 .0003 .0029 -.OOlO 

.0026 -a0015 .0007 .0028 -.0010 

.0019 -.0015 .0010 .0021 -.oo1e 
-.0005 -.0014 -0019 -.0001 -.0015 
-e0063 -.0001 ,0036 -.0060 -.0018 
-mol31 .0025 .0051 -a0132 -so017 
- . 0 2 0 4  -0061 ~ 0 0 7 2  -.0213 -.0012 
-so251 ,0100 .0108 -.0270 -.0002 
- . 0 2 4 6  .OllC -0135 -a0271 .0003.0004 -.0015 . O O 2 2  .0004 -.0015 

C R l l ( S A 1  C YR ( SA I C S F I S A I  C R N ( 6 A I  C Y M ( 0 A l  

.0001 -.DO14 -0019 .0001 -.001k 
- .0005 -.OO12 .0005 -.0005 -.OD12 
-.0001 -.OOlC .0018 -.0001 -.0014 
.0001 -no014 -0019 ,0001 -.0014 
.0004.0007 -.0014 

-so013 
.0020 
.0018 

.0005 
e0007 

- . 0014  
-.0013 

.OOlO -.0011 -0013 .0011 -.0011 
,0019 
.0021 

- .0008 
-.0008 

.oooo 
-.OOOk 

,0019 
.0022 

- .0006 
-.000.6 

.0024 -.OOlO -a0003 .0025 - .0007 

.0025 -.0011 -.0002 -002 6 - .0008 

.0027 -.0012 .0001 .ooze - . 0 0 0 8  

.0016 -.0012 -0006 .0010 -.0009 

.0012 -a0013 ,0012 .0014 -.0011 
-.OOlO -.0014 ,0026 -.0007 -.0015 
- . 0 0 6 8  .OOOl .0040 - .0066 -.0017 
-.0149 a0031 .0058 -.0151 -.0016 
-.0221 -0069 -0087 -.0231 -.0012 
-.0255 .0105 .0119 - e 0 2 7 6  .0001 
-.O25O .0116 .0141 -a0276 .0003 

.0004 -.OO14 ,0019 .0004 -.001* 

24 




TABLE 1V.- Continued 

ALPHA BETA 9 CL A I  

13.k8 .02 961.0063 33 
13.50 -3.83 956.3636 '25 
13.53 -7.78 957.76Ok 875 
13-14 -9.7b 952.0397 156 
13.56 -10.27 963.7k70 172 
13.56 -9.7k 963.4810 166 
13.55 -8.74 966.k740 115 
13.53 -7.75 962.2837 I62 
13 13 
13.52 
13.51 

-6.76 
-5.77 
4 - 1 3  

9bk.4122 
962,7493 
962.3501 

j34 
97 

13.50 -3.82 961.2859 
13.k9 -2.87 960.0887 
13.k9 -1.91 960.0888 IO9  
13.k8 - a 9 5  960.15 5 3 t56 
13.k8 .oo 961 0201 
13.46 -96  956,0979 
13.kb 1.91 953.0380 
13.k5 2.90 957.7b11 
13.47 3.81 964.4128 I33 
13.k7 4.7k 963.1476 179 
13.48 5.71 968.6697 !54 
13.46 6.65 959.4908 .77 
13.47 7.55 964.4129 .33 
13.17 8.40 967.6056 I79 
13.k5 .02 945.3882 ilk 

ALPHA B E T A  9 C I S A I  

13.52 .01 959.6909 5588 
13.51 -3.81 955.8996 5724 
13.53 -7.80 960. 9 5 k P  5 0 4 8  
l3.5k -9.79 959.1590 5969 
13.53 -10.23 955.3698 5948 
13.54 -9.77 962.9509 5953 
13-34 -8.73 964.8799 s 5909 
13.55 -7.75 966.2765 
13-54 -6.77 965-1443 a5860  
13.54 -5.79 967.7399 -5790 
13-51 -4.80 967.7399 .5759 
13.53 -3.03 966.8088 .5737 
13.53 -2.87 981.8kO6 -5603 
13.53 
13.53 

-1.91 
-.96 

966.2101 
970.6000 

,5662 
5615 

13.54 .01 969.0702 -5602  
13.52 .97 964.  0152 . 5 5 4 0  
13.52 1.91 958.6938 .5538 
13.52 2.87 959.4255 .5478 
13.53 3 - 0 0  963.1505 - 5 5 5 6  
13.53 4.75 961.0818 . 5 4 2 3  
13.53 5.69 966.2768 . 5357  
13.54 
13-55 

6.61 
7.5k 

969-2033 
967 2745 

, 5 3 4 0  
.5287 

13.55 8 - 4 3  971.0655 .5258 
13.5k 
13.53 

9.38 
.01 

971.L651 
960.2719 

,5191
.I572 

ALPHA B E T A  0 CLISAI 

-.oo 5.00 963.9678 -e0035 
-3.15 4.00 956.7846 - a 0 9 4 6  
-1.00 4.00 957.7823 -.0301 

- 0 5  4.00 960.3097 -.0022 
1.09 4.00 964. 8323 .O2k4 
2.12 4.00 965.3667 . 0 5 5 2  
3-18 4.00 961-8394 -0870 
5-26 k -00 964.2338 -1233 
5.34 3.99 961.5735 -1625 
6.52 3.98 963 7018 .LO91 
7.56 3.98 960.2532 .2538 
8.74 3.97 952.8603 - 3 0 5 5  
9 . 0 0  
10.98 

3.96 
3 - 9 4  

950.4216 
961.2409 

,3539 
-4101 

13.37 3.91 967.4211 - 5 3 0 6  
15.78 3.86 962.9036 -6471 
18-01 3 . 8 0  963.3691 ~ 7 5 3 4  
20.19 3.74 9 5 4 . 7 2 2 6  a8437 
22.52 3.65 9 6 8 ,  9558 -9270 
23.20 3.62 970.9509 -9521 

.Ol 4 .oo 960.9081 -.0035 

RUN 15 


COISAI CPHISAI 


-1385 -.O282 

a1442 -.0350 
~ 1 4 7 3  -.0412 
.I491 - s o 4 4 6  
elk97 - a 0 4 5 3  
.le93 -a0447 

.1480 - .0428 
-1267 -.o*oo 
-1461 - .0394 
-1453 -.0378 

-1443 - e 0 3 6 3  
elk29 -.0341 
-1k20 -so334 
-1kO8 -a0312 

.1392 - .0300 
a1380 -.OLIO 
e 1 3 6 2  -a0258 
e1349 -.023a 
.1333 -a0217 

-1320 -.0198 

e1317 -e0175 

-1315 -mol58 

-1300 -e0134 

.1294 -.0115 

.1287 -.0092 

~ 1 3 6 3  -a0277 


RUN 17 


COISAI C P M I S A I  

-1463 -.0217 

-1500 -so312 

-1533 - .0405 
-1562 - a 0 4 6 2  
-1553 -.0471 

a 1 5 3 4  - .0460 
-1543 - . 0 4 3 2  
-1541 -a0411 

-1531 -a0387 
~1515 -so358 
-1507 - e 0 3 3 4  
,1500 -no311 

.1464 -a0284 

-1479 -.0263 

-1467 - .0239 
a1460 -a0219 

a1443 -.Ol96 

~ 1 4 4 1  -.0180 

.1425 -.0154 

-1419 -so138 

-1411 -a0117 

e1395 -e0093 
-1392 -a0075 

a1378 - a 0 0 5 5  
-1373 - .0030 
.1357 -.0019 

slkk8 -.OZlb 


RUN 19 

COISAI CPM(SA1 


.0118 .0025 


.0149 -.0008 
-0116 .0010 

-0113 .0025 

-0117 -0039 
-0127 .0049 
,0154 - 0 0 5 6  
,0173 -0061 

-0216  .0068 

C R M I S A I  CYNISAI CSFISAI CRMI8AI C Y M I B A I  

-a0004 -0016 - .0085 - .0008 .0014 
a0104 -.0017 -.0047 e 0 1 0 6  -0007 
.OZOb -.0049 -.0023 .o212 .oooo 
.0249 - s o 0 6 4  -.0007 -0257 - .0004 
-0257 -.0067 - .0006 ,0216 -.0005 
no246 -moo62 -.0012 .0254 - e0003  
-0227 -.0056 -.0019 -0235 -.0001 
.OZOZ -.OOk? -.OD25 .OZO8 .0001 
-0178 -.0041 - . O O Z P  -0183 .0002 
,0151
.0124 
.0106 

-a0031 
-.0022 
-.0015 

-moo36 
-e0042 
- a 0 0 5 2  

-0154 
-0126 
.0106 

.0005 
,0007 
.0010 

~ 0 0 8 0  -.0008 -.0056 .0080 .OOll 
-0018 .0001 -e0065 -0047 .0012 
-0027 

-.0002 
,0009 
-0016 

-.0080 
-.0085 

,0025 
- .0006 

.0015 

.0015 
-.0029 002 4 -.0096 -.003k a0017 
-a0052 .0029 -.0104 -so057 -0016 
-.0081 ~ 0 0 3 4  -.0107 -.0087 .0015 
-.0109 
-.0137 

.0040 

.0045 
-.0111 
-.0114 

-.0115
- .o i i+  

-0013 
.0012 

-e0164 .0049 -a0113 -e0171 .0010 
-.ole9 e0053 -.0113 -.0197 .0008 
-e0213 -0057 -.0112 -.0221 .0006 
-.O241 e0061 -.0107 - . 0249  - 0 0 0 3  

.oooo .0018 -.0094 -.OOOk .0018 

C R M I S A I  CYMI S A )  CSFISAI CRM18AI C Y M I B A I  

- .0029 -.0013 .0040 -.0025 -.0019 
- 0 0 5 7  - . 0 0 3 6  - 0 0 5 2  -0065 -.0021 
-0125 - .0053 .0064 .013k -.0022 
-0160  -a0061 .0068 -0170 - . 0 0 2 2  
-0173 - .0064 a0069 -0183 -.0022 
-0158 -.0062 -0074 .0160 -.0023 
~ 0 1 4 2  -e0057 .0066 -0151 - .OO22 
-0123 -.0053 -0065  -0132 - e 0 0 2 3  
.0110 - .0049 .0058 .0118 - .0022 
. O O 9 2  - e 0 0 4 5  -0057 .0100 -.oo22 
-0072 - .0040 - 0 0 5 8  a0079 - . 0 0 2 2  
e0051 - a 0 0 3 4  -0054 .0058 -.0021 
moo37 - a 0 0 3 0  -0050  -0013  -.0021 
.OOlk -a0025 .0049 .0020 -.0021 

-.0007 -.0019 .0055 - .0002 -.0020 
-.0030 -.0013 .0040 -.0027 -.oozo 
- .0049 -.0008 moo39 -.0046 -.0019 
-.0070 -.0003 -0037 -so067 -.0019 
-.0097 .0004 .0032 -.0095 -.0010 
-a0123 
-.0154 
-.ole1 

,0011 
.0018 
- 0 0 2 5  

-0031 
,0030 
. 0 0 2 6  

-.0122 
-a0154 
-.0182 

-.0018 
-.0018
-.ooie 

- . 0 2 0 5  -0031 .OOZl -so207 -a0017 
- .0229 .0039 .0014 -a0232 -so016 
-e0257 .OOk6 e0013 -.0260 -moo16 
- e 0 2 8 6  . 0 0 5 3  ,0010 - . O E 9 0  -.0015 
-.0027 -e0014 -0041 - e 0 0 2 3  - . 0020  

C R N I S A )  C Y M I S A I  CSFISAI CRMIIAI CYMI8AI 

-a0003 . ~ ~ . ~  
-0015 -.0008 -.0011 -0015 -.0009 
.0002 -.0011 .0003 .0002 -.0011 

- s o 0 0 3  -.0012 .0008 -.0003 -.0012 
-.0008 -.0012 .0009 -.0007 -.0012 
-a0013 
-.0019 
-.002k 

-.0010 
-.0008 
-a0005 

.0008 
-0003 

-.0002 

-a0013 -.OOll
-.ooiq -.0009 
-.0024 -a0007 

-a0033 -.OOOk -.0010 -a0032 -.0007 

-a0013 .0011 - .0003 -e0013 

-0300 ~ 0 0 7 0  -.OOkO -moo05 - s o 0 0 4  -moo39 -.0010 
- 0 3 9 5  -0061 - .0056 -.OOOk - e0003  -a0045 -.0010 
-0522 .0038 -.0049 -a0003 -.0005 -.0048 -.OOlO 
.Ob60 .0010 -.0060 -.0001 .0001 -.0059 -.DO11 
-0838 -a0033 -BO069 .0001 -0005 -a0068 -.0012 
.1289 -.0142 -.01OO .0011 .OOOk -.0100 -.0012 
.la51 -.0276 -a0160 -0031 .0018 -a0163 -.OOlk 
-2471 -.o421 -.O226 a0059 .0030 -e0233 -.001k 
~ 3 1 3 0  - .0592 -a0297 .001b -0052 -so312 -.0013 
-3870 
-4133 
,0111 

-a0833 
- .O928 
,0023 

-a0364 
- .0384-.0000 

-0146 
.0166 

-.0011 

,0079 
.009k 
.oooo 

-.0392 
-mOkl8 
-.oooo 

-.DO04 
.0001 

-.0011 
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TABLE IV.- Continued 

RUN 21 

A L P H A  BETA 0 C L t S A )  C D t S A I  C P M I S A )  

.oo 4.01 954.4049 .OOkk .Ol20 -.0018 
-3.38 4.00 954.8040 -.0932 .0150 -a0052 

-.98 4.01 964.2489 -.0219 .0122 -e0033 
606 4.01 963.6503 .0064 .0121 -.0018 

1.05 4.00 959.1939 ,0306 .0124 -.0008 
2.13 4.00 964.5814 .Ob20 -0136 .0002 
3.19 4.00 954.4049 ,0962 e0156 .0010 
4.27 4.00 962.3866 .1334 .Ole7 .0013 
5.36 4.00 972.4295 .1727 e0235 -0017 
6.46 3.99 957.1985 .2143 -0315 ,0021 
7.57 3.98 954.4049 ~ 2 6 4 6  -0426 .0012 
8.70 3.97 959.1939 .3140 .0551 -e0013 
9.84 3.96 954.8705 -3621  .Ob90 - .0034 

11.04 3.96 970.8998 .4203 .OIL3 -.0078 
13.32 3 .93  956.0013 ~ 5 2 7 3  ,1250 -a0203 
15.69 3.89 956.9325 -6368  
17.94 3.82 960.324 7 .7392 
20.02 3.75 951 3 451 -8189 
22.37 3.66 953.8728 -9033  
22 .92  3.64 957.7306 . 9 2 5 2  

.oo 4.01 952.8750 -0045  

A L P H A  B E T A  0 C L I S A )  

. 01  4 . 0 0  955.4654 ,0029 
-3 .31 4.00 942.0953 - .on94 

- .97 C.00 947.7495 - .0220 
.04  4.00 954.4011 -0027 

1.08 4 . 0 0  954.4011 .O284 
2.11 4 .00  954.4011 -0567 
3.18 4.00 959.4562 .On90 
4 . 2 2  C.00 961.052S -1223 
5.31 4.00 958.7244 e1611 
6 - 5 2  3 .99  957.5937 .2071 
7 .54  3.99 954.4009 -2535 
8 . 6 6  3.99 954.4009 -3036  
9.77 3 .98  954.4009 .3498 

10.97 3 .98  965.3090 .IO22 
13.29  3.96 950.5764 -5154 
15 .68  3.94 956.6623 .6333 
17 .94  3.90 954-9995 .7396 
20.16 3 .83  956.7288 .a258 
22.30 3 . 7 4  950.4100 . e899  
23.16 3 . 7 0  955.3321 .9118 

. O l  4 .01  961.4515 .OO22  

A L P H A  B E T A  0 C L ( S A l  

.00 4.00 957.9251 -.0037 
-3.44 4.00 948.5463 - .O98O 

-.97 4.00 962.0489 - .0274 
.os 4.00 962.7806 -.0023 

1 .07  4.00 960.7186 -0219 
2.12 4.00 951.8058 - 0 5 2 0  
3.18 4.00 953.9343 .On45 
4.22 4.00 956.4619 -1161 
5.32 3.99 958.5903 a1544 
6-43 3.99 955.0651 .2019 
7.56 3.98 951.0742 .2515 
8-60 3.98 958.2578 -3017 
9.79 3.97 952.4045 -3511  

11.00 3.96 953.6683 .4124 
13.36 3.93 959.5880 e5280 
15.76 3.89 963.3192 . 6 4 4 4  
18.06 3.84 957.8587 ,7554 
20.28 3.78 945.1541 .a593 
22.55 3.70 953.3357 .9547 
23.33 

.01  
3.67 
4.00 

960.5857 
949.2117 

e9812-.0032 

26 

-1773 -e0369 
.2379 -.0532 
.2980 - .0700 
,3736 -so951 
. 3 9 3 4  - . l o40  
.0118 -a0019 

RUN 23 


C O I S A )  C P M ( S A 1  

-0113 .0001 
-0144 -.0023 
-0116 -so007 
.0116 .0002 
-0121 -0009 
.0133 -0017 
-0154 a0017 
-0185 -0023 
-0238 -0025 
.0321 .0010 
.0422 -a0005 
-0538 -a0025 
.Ob67 -so045 
- 0 8 2 5  -a0065 
i l 2 2 6  -a0168 
-1744 -a0297 
.2333 - s o 4 2 5  
e2965 -.0526 
-3590 -.0563 
-3845 - .05bl  
.0110 .0002 

RUN 26 


C O I S A I  C P M I S A I  

.0109 -0038 

.0148 -0017 

.0112 .0031 

.0111 -0037 

C R M ( S A I  C I M t  S A  8 C S F ( S A 1  C R M I 8 A I  C V M ( 8 A I  

.0001 

.DO21 
,0007 

-.OOOP -.0011 .0001 
-.0006 -moo29 .OOLO 
-.0010 -.0010 . .OOO? 

-a0009 
-e0007'-.00 10  

.0001 -.0010 -.0006 .0001 - . O O l O  
- .0001 -.0011 -.0002 -.0001 -.OD11 
-.0007 - . O O l O  -a0003 -.OOOb -.0010 

- - .0016 -a0007 -.0010 -so016 -.0007 
-.OOLO -.0005 -.0014 -.OOLO -.0006 
-.0024 -.0004 - .0021 -.0024 -.0006 
- .0031 -.0004 -a0023 -.0030 -a0007 
-.0037 -.0006 -.0014 -so036 -.0011 
-e0038 -.0006 -a0016 -.DO36 -.0011 
- .0054 -.oooo -.OO29 -a0053 -.0009 
- .0071 ~ 0 0 0 9  -.0059 -so072 - .0004 
- .0093 .0037 -.O122 -a0099 .0014 
-.0140 .0070 -so137 -so154 ,0029 
-a0223 .0108 -moo96 -.O246 -0034 
- e 0 2 9 0  .0141 - a 0 0 4 9  -e0320 - 0 0 3 3  
-a0338 e0176 -0009 -a0380 -0034 
-.0347 .Ole6 ~ 0 0 2 9  -e0392 -0036 

.OO02 - .0010 -.0011 .0002 - .0010 

C R M ( S A  I C Y M I S A I  C S F ( S A 1  C R n I B A )  C Y M ( 8 A )  

-.0002 -moo13 moo03 -.0002 -e0013 
.0011 -.0006 -a0023 .0010 -.0006 

-.oooo -.OO12 -.0000 -.0001 - .0012 
-a0003-.0004 

-.0012 . O O O l  -moo03 
-.0011 -.0002 -so004 

-.0012 
- .0011 

-.0010 - .OO09 -no007 - e 0 0 0 9  - .0010 
-.0010 -.0007 -.0015 -so009 - .0007 
-e0016 -.0004 -.0029 -so015 -a0005 
-so017 -e0005 -a0034 -.0016 -.0006 
-.0008 -.0008 -so031 -a0007 - a 0 0 0 9  
- .0007 -.0010 -.0035 -.0005 - .0011 
-.0006 - .0010 - a 0 0 5 2  - .0004 - .0011 
- .0008 - .0011 -a0069 -.0006 - .0012 
-.0020 -.0009 -a0093 -.0018 -.0012 
-a0039 .0007 -a0179 -.0040 -.0002 
-.0078 -0037 -a0276 -.0085 .0014 
-a0138 .0078 -a0339 -so155 -0032  
- . 0 2 4 0  .OX26 - . 0 3 4 5  -.0268 -0036 
-so357 .0176 -a0309 -e0397 -0027 
-e0411 .0200 -.O285 -so457 .0022 
-.0002 - .0010 -.0008 -.0002 -.0010 

C R n I S A l  E Y n ( S A 1  C S F I S A I  C R H ( B A 1  C Y n ( 8 A l  

- .0007 -.0014 .0014 -e0007 -.0014 
.0005 - .0006 - .0012 - 0 0 0 5  -.0006 

- e 0 0 0 5  -a0013 .0011 - a 0 0 0 5  -a0013 
- e 0 0 0 5  -so015 -0015 -.0005 -so015 

.0114 ~ 0 0 4 9  - . O O l l  - .0013 .0012 -.0011 - .0013 
,0125 a0057 -.0015 - . O O l O  so006 -so015 -.0011 
-0145 moo65 - .002 l  - .0008 .0001 - .0020 - e 0 0 0 9  
-0175 -0064 -.Ob21 -.0006 -.OOOP -.0021 -.0007 
.0228 .0061 -.0016 -a0007 -.0012 -e0016 -.0009 
.0310 .0054 - .0016 -.0010 -a0007 -.0014 -.O012 
-0416 , 0 0 3 3  - .0010 -.0012 -.0009 -e0009 -.0013 
,0539 .0010 -.0009 -.0014 -.0008 -.0007 -so015 
- 0 6 8 0  - .0010 -.0014 -.0014 -.0009 - .0011 -so017 
,0870 -a0047 - .0019 -.0014 -.0014 -.0016 -a0017 
-1309 -.0133 -.0047 -.0009 - .0014 - . 0 0 4 4  - .0020 
,1863 -.0209 -so098 .0004 - .0011 -so096 -.0023 
-2501 - . 0 3 0 4  - .0171 .0028 -.bo23 - .0171 -.0027 
-3210 - .0408 -a0246 -0055 -.0022 -.0250 - a 0 0 3 4  
.3998 -.0494 -e0351 .0101 -.0020 -a0363 -.0042 
-4267 -a0512 -so396 -0123 - .0021 -.Oft13 - . 0 0 4 3  
.0110 .0038 -.0006 -e0014 .0015 - a 0 0 0 6  -.O014 

I 




TABLE 1V.- Continued 

RUN 28 

A L P H A  B E T A  0 C L I S A I  C O I S A I  C P M  IS A  J C R N I S I I ,  CYMISAI C S F I S A I  C R R I B A I  :YMIBAI 

.Ol 4.00 962 9781 -0007 .OlOO .0020 -.0003 -.0010 .0010 - .0003 -.0010 

-3.24 4.00 956.2603 -e0814 -0131 .0008 .0002 -.oooo - .0020 .0002 -.OOOl 


- . 9 8  4 - 0 0  959.5860 -.0238 .0104 moo13 -.0001 -.0008 -0005 -.OOOl - . 0008  

e03 4.00 963.11 11 -.0011 .0102 .0018 -.OOOl -.0010 .0009 -.0001 -.0010 

1-06 4.00 958.3888 .0245 -0107 .0025 -.0006 -.0008 .0009 -.0005 - .0008 

2.12 4.00 961.3818 .os11 -0117 -0031 - .0008 -.0004 .0002 -.0008 -.0005 

3.15 4.00 963.1776 -0773 a0134 .0030 -.0007 .oooo -.0011 -.0007 -.oooo 

4.20 4.00 953.7993 .I123 -0171 .OOZO .0002 -.0002 -.0016 .0002 - .0002 

5.27 4.00 957.0585 .1484 .0224 e0005 .0010 - .0004 -.0019 .0010 -.0003 

6.37 3.99 960.118 1 .1920 .0299 -so025 .0021 -.0006 -.0019 .0022 - .0004 

7. 48 3.99 960.8496 m2407 -0396 -.0056 .0028 -.0007 -.oars .0029 - . 0003  

1-60 3.98 955.6617 -2075 -0510 - . 0084  .0029 -.0010 -.0027 -0031 -a0006 


22.49 

9.72 3.97 956.7923 .3388 -0651 -00113 . 0 0 2 5  -.0011 -.0027 .0026 -.0007 

10.90 3.96 949.  6752 .3953 - 0 8 2 5  -.0149 -0017 -.0011 -.0035 .0018 -.0007 

13.21 3 .93  954.3978 a5014 a1234 -so203 -.0023 - .0004 - .0040 - . 0 0 2 2  -.0010 

15.68 
17-99 

3.89 
3 . 8 4  

965.1727 
9 65 1Ob 2 

,6191 
-7286 

.1783 

.2401 
-a0233 
-a0267 

-.0101 
-.0177 

,0012 
.0034 

-.0046 
-.0056 

-.0100 
-a0179 

-.0016 

- .0022 


20.28 3.78 961. 4 4 8 1  ,8276 -3089 -.0257 -.O276 no068 - .0059 -.0283 -e0032 

3.70 954.3312 .9121 -3805 - .0240 -.0398 .0114 -.0060 -.0411 -e0047 


23.54 3.66 959.1866 -9476 -4197 -e0235 -.0460 .0142 -e0062 -.0478 -.0054 

.02 4.00 958. 6544 -0013 .0096 .0020 -a0003 -.0009 .0009 -so003 -.0009 


RUN 3 0  

A L P H A  B E T A  a C L I S A I  C O I S A I  C P M I S I I  CRMISAI CYMISAI C S F I S A I  CRMIBAI (: Y M l  E A  I .00 4 .00  962.9092 .OOZ8 .0100 -.0019 .0003 - .0009 .0001 .0003 - .0009 

-3.00 4.00 960.58 14 -.Ob95 - 0 1 2 5  -so036 .0011 -.oooo - . 0 0 2 5  .0011 -.0001 

-.97 4.00 962.5 103 -e0178 -0103 -.0023 .0004 -so007 -.OOOl .0004 -moo07 

.01 4 .OO 957-6549 -0036 .0102 -.0020 .0004 - .0008 .0001 .0004 - .0008 


1.06 4.00 962.7763 ~ 0 2 8 5  .0106 -.0012 .OOOl -.0006 -.0003 .0001 -.OOOb 

2.09 4.00 963.9735 -0516 -0116 -.0011 .oooo - . 0 0 0 2  -.0015 .oooo - .0002 

3.15 4.00 956.1917 -0813 -0134 -e0013 .0002 .0002 -e0023 .0002 .0002 

4.21 4.00 954.3958 -1171 -0174 -.0019 .0007 .oooo -.0030 -0007 .0001 

5.27 
6.38 

4.00 
3.99 

9 5 5  .Ob09 
957.9876 

.1562 
-1977 

,0230 -a0040 
-0306 -a0059 

-0017 
.0023 

-a0003 
-.0006 

- .0029 
-.0030 

~ 0 0 1 7  
.0024 

- . 0 0 0 2  

- .0004 


7.47 3.99 957.3225 .2407 .0393 -.0088 -0032 -.0007 -.0047 - 0 0 3 3  -.0003 

8-60 3.99 954.5954 .2907 -0507 -.0120 -0038 -.0009 -.0067 .0039 -so003 

9.72 3.99 9 61.712 3 .3389 -0633 -.0147 .0040 -.0009 - .0094 .0041 -.0003 

10.89 3.99 961.2467 -3915 ~ 0 7 8 6  -a0174 -0037 -.0007 -.0133 ~ 0 0 3 8  - .0000 

13.24 3.98 962.9095 ,4963 -1158 - . 0 2 0 9  .0011 ~0005 - . 0 2 2 1  .0009 .0008 

15.64 3.97 9 6 2 . 4 4 3 9  .bo92 -1649 -e0276 -.0021 .0029 - e 0 3 4 5  - .0028 m0023 

17.93 3-91 961-2327 ~ 7 1 6 8  -2226 -.0366 -.0071 .0064 -.0451 -.0088 -0039 

20.17 
22.43 

3.90 
3-04 

962.5769 
963.5081 

,8218 
.9210 

~ 2 8 9 3  -.0478 
-3652 -a0552 

-.0124 
- . 0 2 2 4  

,0110 
.0168 

-so556 
-a0628 

-so154 
-a0271 

a0061 

a0070 


23.26 3.81 967..5322 .9508 .3935 - .0548 -e0273 .0191 -.Ob39 -.0326 -0067 

.02 4 .00  9 6280450 .OObO .0101 -.0019 .OOOk -.0007 -.OOOb .0004 -.0007 


2.10 -4.01 961.6533 -0696 -0142 -so076 -0033 -.0011 .0049 -0035 -.0010 

3.20 -5 .00 9 60.522 6 -1064 -0164 - a 0 0 9 6  .0045 -.0006 .0031 .0046 - .OOOk 

4.22 -3 .99 960.5891 ~ 1 4 6 4  .0204 -a0127 .0069 -.0008 -0015 .0070 - e 0 0 0 3  

5.38 
6.45 
7.55 

-3.99 
-3.97 
-3.96 

956.3987 
955.9331 
958.7267 

.1950 .2408.2920 

-0274 
e0360 
.0461 

-.0166 
-.OZ19 
-a0265 

.0091 
-0115 
-0135 

-.DO15 
-.0025 
-a0033 

e0014 
e0014 

-.0010 

.0092 

.on7 

.0138 

-a0007 

-.0012 

-so015 


0.71 -3.94 957.1304 e3482 .0591 -so323 mol57 - .0040 -.0039 -0161 -.0016 

9.83 
11.01 

-3.91 
-3.89 

966.708 1 
956.2657 

4006 
.4610 

m0732 
-0914 

-.0355-.0401 e0162 
-0167 

-a0043 
- s o 0 4 5  

-'.0080 
-e0131 

-0167 
-0172 

-a0015 

-.0012 


13.37 -3.83 9 60.5 2 26 -5761 -1348 -so503 -0151 -.0031 -.0251 -0154 .0005 

15.74 -3 .80 965. 9788 -6767 -1861 -so531 ,0043 0 0007 -.0355 .0040 .OOl# 


RUN 32 

A L P H A  B E T A  a C L I S A I  COISAI C P M I S A I  C R H f S A l  CYMISAI CSFISAI C R H I B A I  C Y M I B A I  

.oo 
-3.41 

- .99 

-4.01 
-3.99 
-4.01 

956.5317 
9 5 6 . 6 6 4 8  
956.7978 

.0056 
-.lo24 
-.0239 

.0122 -.003l 
a0157 -0037 
a0123 -.0013 

,0005 
-a0039 
-.0007 

-.0020 
-.0008 
-.0018 

a0073 
,0022 
-0061 

.0005 
-.0039 
-.0007 

-.0020 

-.0006 

-.0018 


-04  -4.01 9 56.2 657 , 0055  -0123 -.0031 -0006  - . 0 0 Z O  -0071 .OOOb -.OOLO 

1.09 -4.01 958.4607 .0385 .0128 -so052 .0019 -a0017 moo61 ,0019 -a0016 


17.96 -3.81 962.6510 .7297 .2342 -a0383 -so147 .OObO -a0330 -e0159 .0011 

20.27 -3.82 953.9377 .a008 .2939 -.0288 -so293 -0095 - .OL IO -a0308 -.0013 

22.31 -3.82 956.8653 -8603 -3519 -a0236 -.0408 -0125 -.0221 -a0425 -.0040 

23.14 -3.82 952.1418 .E833 .3762 - .O22O - s o 4 5 4  .OlkO -a0196 -a0472 -a0050 


.Ol -4.01 958.6603 -0057 .0119 -.0032 -0007 -.0019 .OObk .0007 -.0019 

-27 




TABLE 1V.- Continued 

A L P H A  

.oo 
-3.58 

-.Pa 
.04 

1-08  
2.14 
3.19 
4.25 
5.33 
6.44 

7.57 
8.70 
9.87 

11.07 
13.39 
15.81 
18.07 
20.31 
22.34 

.01 

A 1  P H A  

. 01  
-3.45 
-1.02 

.02 
1.05 
2.09 
3.19 
4 .26  
5.34 
6.17 
7.60 
8.73 
9.87 

11.06 
13.40 
15.80 
10.03 
20.19 
22.30 
23.09 

- .01 

ALPHA 

.O1 
-3.14 

- . P I  
-03  

1.08 
2.12 
3.20 
4.26 

5.35 
6.48 

7.61 
8.74 
9.86 
11-01 
13.37 
15.69 
17.93 
20.08 
22.18.01 

B E T A  a C L I S A I  

-4.01 962 9840 -.0025 
-3.99 954.8029 -.1154 
-4 -01  957.3305 - . 0304  
-4 .01 964.38on .0003 
-4.01 957.5300 .0316 
-4.00 958.5277 -0654 
-4.00 959.6585 1005 
-3.99 957.2 641 .1422 
-3.98 955.5341 . l o 7 1  
-3.97 954.4039 . 2 3 5 2  
-3.96 954.4039 -2919 
-3 .95  952.2754 3492 
-3.93 953.9383 e4129 
-3.91 963.5828 .4740 
-3.88 956.3329 . sa99  
-3.86 950.0139 -7070 
-3.85 957.8627 .7939 
- 3 . 8 4  960.2572 -8646 
-3 .84  954.3374 -9208 
-4.01 9h1.45 4 4  .ooos 

B E T A  0 C L I S A I  

-4 .01 958.5950 - .0011 
-3.99 960.4574 -.1171 
-4.00 955 -8679 -a0375 
-4.01 961.0560 -no039 
-4.01 961.0560 .O288 
-4.00 961.0560 -0598  
-4.00 962.1202 e0983 

RUN 34 

C O I S A I  C P n  IS A  I C R N I S A . )  

.0111 .0022 .O003 
-0156 .0102 -.0047 
.0114 .0042 -.0009 
.0112 .0021 .0005 
.0118 -.0002 .OOZO 
.0130 -.OOLZ - 0 0 3 3  
-0152 - e 0 0 4 2  e0047 
.0192 -.0071 -0070 
.OZ5 6 -so117 -0095 
-0343 -.0167 ,0116 
-0462 -a0231 -0137 
e0605 -e0286 a0146 
-0786 -no363 -0168 
-0991 -.0415 -0167 
-1459 -e0489 .0128 
-2054 -so528 -00  30 
.2649 -a0503 -.0104 
-3268 - .0440 -.0256 
.3857 -e0399 -a0379 
.0109 .0018 .0006 

RUN 36 

C D I S A . )  CPnlSAl C R M I S A I  

.0122 -0039 -0003  
~ 0 1 6 9  -0085 - .0042 
-0127 .0049 -.0011 
-0125 .0041 .0002 
.0129 -0031 -0015 
-0141 .0021 .0026 
-0164 .0007 .0042 

C r n I S A l  

-a0025 
-no009 
-so023 
- .0024 
-a0023 
-.0018 
-so014 
-.0017 
-moo25 
-a0032 
-.0040 
-so047 
-.0058 
-.0064 

-a0070 
- .0067 
-.0046 

-.0006 

.DO42 


-a0025 

C Y n l S A l  

-.0024 
-so013 
-so023 
- .0024 
-so023 
- . O O L l  
-.0018 
-a0017 
-.0021 
-.0027 
-e0033 
-.0039 
-.0047 
-.0052 
-.OObO 

-.0048 
- .0024 

-001  7 
-0069 

.0094 

-.0023 

c r n ( s * i  

-.0021 
-.0014 
- . O O Z 1  
-.0022 
-.0021 
-e0017 
-.0015 
-.0012 
-a0015 
-.0023 
-so032 
-e0039 
-so044 
-.0046 

-no034 

.0001 
-0018 
.OO42 
moo76 

- s o 0 2 2  

C S F ( S A 1  C R I 1 1 8 A I  CYI(I8Al 

00 62 .0003 -.0025 
.0006 -e0047 -.0006 
-0053 - . O O l O  -.OO22 
.0058 .0005 -.0024 
005 3 .0021 -.0023 

-0038 .0034 -.0016 
.0024 e0047 -.0012 
-0009 ,0071 -.0012 
.0008 .0097 -.0016 
.0008 .0119 -a0019 
.0008 .0141 -.0022 
-0007 .0152 -.0024 
~ 0 0 0 4  .0175 -.ooze 
,0001 .0176 -moo31 

-.0012 .0141 - so038  
-.0015 -0047 -moo57 
-.0011 -.a085 -a0076 
-a0007 -a0238 -a0095 
-.0001 -a0366 -.0106 

-0057 ,0006 -.0025 

CSFISAI C R 1 1 1 8 A I  CYRI8Al 

-0056 -0003 -.0024 
-0016 -.0043 -.0011 
e0051 -.0011 -.0022 
.0044 .0002 - .0024 
.O05O -0015 -.0023- 0041 .0027 -.OOZO 
.ooze ,0042 -.0016 
.0012 .0062 -.0012 
-0003 .OO80 -e0013  -.0000 .0100 -.0016 
.ooos ,0116 -.0018 
-0003 -0127 -.0019 
e0005 -0137 -.0024 
-0003 -0131 -.OO28 
*0004 -0105 -a0036 
.0002 .OOl5 -.0016 
.0006 -.0094 -so056 
e0009 -.O218 -a0063 
.0030 -a0343 -.0066 
.0011 -e0390 -e0064 
.OO51 B. .0001 -.0023 

C S f I S A l  

-0067 
,0036 
.0062 
-0069 

.0064 

.0055 
.0040 
.0019 
.0010 
.0012 
.0010 

-moo17 
-.0039 
-.0068 
-so133 
-a0156 
-.0076 

-.0031 

-0003 
.0069 


C R M B A I  c Y n ( o A 1  

-.0001 - . O O L l  
-so037 - .0012 
-.OOO9 -.0020 
-.0001 r .0022 

~ 0 0 1 3  -.0020 
.ooze -.0016 
~ 0 0 4 2  -.0012 
~ 0 0 5 5  -.0008 
-0079 - . 0 0 0 a  
.0097 -.0012 
.0110 -.GO17 
-0137 -.001a 
a0149 -.0018 
,0151 -so017 
.0121 -.0006 

-.0007 - .0001 
-.0115 -a0019 
-so216 -so034 
-a0311 -a0045 

.0004 - .OO22 

-3.99 961.0560 ~ 1 3 9 0  -0197 -.DO14 .0061 
-3.98 961 -0560 . l a 4 1  .0253 -.0030 -0079 
-3.97 954 e 8 7 0 2  
-3.96 954.4046 
-3.95 959.6592 
-3.94 954.4046 
-3.92 951.0788 
-3.89 951.4046 
-3.87 956.6661 
-3.86 953.4068 
-3.85 954.4046 
-3.85 9 59.592 7 
-3.85 958.8611 
-4.01 953.0743 

BETI a 

-4.01 958.2622 
-4.00 957.7301 
-5.01 958.3288 
-4.01 964.3816 
-4.01 958.7280 
-4.01 960.9229 
-4.00 961.5215 
-3.99 959.3931 
-3.98 959.8587 
-3.98 957.5308 
-3.96 962.5656 
-3.94 956.2668 
-3.93 955.6039 
-3.90 962.8517 
-3.87 954.4044 
-3.85 954.4024 
-3.86 954.8700 
-3.85 958.1957 
-3.84 955.6016 
-4.01 951.8102 

-2332  00338 -.0058 e0098 
~ 2 8 1 7  .0458 -a0097 ,0113 
-3414  -0595 -.0144 -0123 
.4030 -0768 -so196 -0131 
,4634 -0970 -.0239 .0124 
.5785 -1436 -e0338 -0094 
. b o 8 4  .ZOO2 -.0409 .0002 
-7809  -2597 - .0482 - .0107 
.8530 .3197 -a0553 -.O226 
m9050 -3786 -.Ob34 - a 0 3 4 3  
.9100 -3964 -a0674 -.0384-.0025 .0123 -0039 .0004 

R U N  38 

CL ( S A 1  COISAI C P I ( 1 S I I  C R M I S A I  

-0045  .0128 -a0005 -.0001 
-e0998 -0160 ~ 0 0 2 9  -a0037 
- e  0257 .0129 -.0002 -.0009 

-0017 .0128 -.0006 -.0001 
,0359 mol34 -so017 ,0013 

0707 .0147, -e0032 -002 7 
.lob0 a0171 -a0049 .0041 
.1472 .O205 -.0063 .0054 
.1912 -0261 -a0087 a0078 
.2390 .0348 -.0112 -0095 

2932 -0465 -.0140 e0106 
.3507 -0593 -so191 -0132 
e4041 .0740 -e0237 .0144 
.4598 -0918 - .0283 .0148 
-5700  -1346 -a0387 -0116 
-6551 . l a39  -a0460 -.0007 
a7456 ~ 2 4 3 3  -e0545 -.0115 
.a100 .2989 -e0570 -.O214 
e 8 6 0 8  .3552 -.Ob34 -.0304 
,0054 -0127 -.0012 .0004 
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A L l M  

.01 

-3.46 

-.98 


-05  
1.08 
2.13 
3.22 

4.28 

5.31 

6.50 

7.62 

8.77 

9.88 

11.08 

13.44 

15.75 

17-93 

20.01 

.02 


ALPHA 

.01 

-3.38 


-.99 
-05  

1.09 

2.13 

3 . 2 4  
4.21 

5.38 

6.49 
7.63 

8.75 

9.89 

11-06 

13.41 

15.73 

17.92 

20.06 
22.04 

.02 

L L P H A  

6.65 

6.66 
6.68 
6.69 

6.69 
6.69 
6.69 
6.68 
6 - 6 0  
6.67 

6.67 

6 .66  
6.65 
6.65 

6.65 
6.65 

6 .64  
6 .64  
6 .64  
6.64 
6 . 6 4  
6.64 
6 - 6 5  
6.64 
6 .64  
6 - 6 4  

BETA 0 

-4.01 961.0526 
-3.99 959.1 238 
-4 .OO 961.0526 
-4.01 961.0126 
-4.00 952.6718 
-4.00 957.5939 
-4.00 959,3231 
-3.99 956.8621 
-3.91 957.72 68 
-3.98 964.2450 
-3.97 966.3069 
-3.96 9W.bS35 
-3.95 953.9355 
-3 .94 960.0549 
-3.91 969.4993 
-3.90 9 61.05 25 
-3.89 956.3965 
-3.88 967.1050 
-4.01 9s6.6853 

B E T A  0 

-4.01 961.0510 
-4.00 954.3996 
-4.01 961.0510 
-4.01 962.84b8 
-4.01 964.2133 
-4.01 957.6586 
-4.00 961.8589 
-4.00 960.8512 
-3.99 960.5852 
-3.91 958.0577 
-3.97 919-3880 
-3.96 958.1907 
-3.94 953.9338 
-3.92 966-2316 
-3.19 9bb.lOSb 
- 3 . 8 8  961.6493 
-3.87 959.1219 
-3.87 954.3993 
-3 .84 965.3738 
-4.01 951.2066 

B E T A  P 

.00 958.1850 
-3.85 957.7194 

-7.79 957.7194 

-9.81 948.4073 


-10.60 951.6001 

-9.77 951.5336 

- 8 . 1 4  960 3134 
-7.79 958.5 175 

-6.79 962.9073 

-5 .82 955.7250 
-4.80 958.5175 
-3.85 957.4533 
-2.88 957.7194 
-1.92 952.9304 

- a 9 6  957.7194 
-.oo 957.7194 

.96 953.3295 
1.91 957.7194 

2.87 957.2538 

3.81 957.2 5 38 
4.76 951.7331 
5.71 965-9026 
6.63 961.1115 
7.57 956.9877 
8.15 957.7194 

.01 956.9212 

C L I S A )  -.0027-.1148 
- . 0 3 3 8  
-.0023 
,027s 

-0611 

.loo1 

.1401 

~ 1 8 2 5  

. 2 2 8 9  
.2762 

,3326 

.3170 

.4499 
-5657 

-6679 

-7571 

- 8 2 3 6  

-.0012 

C L I S A I  

. 0 0 5 4  
-.lo55 

-.0247 


.0052 

.0379 


.0722 
-1103 

-1472 

.19os 

.23b1 

.2876 

.3379 

.3924 

. k 5 1 5  
-5642  
.6723 

.7533 

.e233 
.a911 

.0065 

C L I S A I  

.2270 


.2359 


. 2 4 9 4  

. 2 5 8 0  

.2591 


.2566 

-2530 

.2517 

.2472 

.2430 

.2410 

- 2 3 6 5  
e2339 

.2303 
.2275 

.2261 

-2237 

-2215 

.2186 

.2167 

.2164 

-2137 

,2125 

a2117 

.to97 

. 2 2 5 8  

TABLE IV.- Continued 

RUN 40 

C O I S A I  C P N I S A I  C R M I S A I  C Y M I S A I  

.0128 ,0027
-0173 -0035 

.0006 
- a 0 0 3 5  

-.0019 
-.0015 

.Ol32 .0027 -a0007 - .0018 

.0129 a0027 .0008 -.0011 
-0133 a0032 -0014 -.0017 
.0144 ,0030 
-0165 .0024 

.0028 
-0045  

-a0017 
-.0016 

e 0 1 9 5  .0018 -0057 -.0016 
a 0 2 4 0  .OOlO -0071 -.0015 
-0319 .0001 
00423 -a0013 

,0085 
. O O V Z  

-a0019 
-.0021 

.0561 -.0019 -0103 - . 0024  
00715 -.0091 -0107 -so026 
.0918 -a0154 .0099 -.0029 
-1382 - .0300 .0065 - .OO29 
a1918 -.0465 -.0004 -00015 
.2497 -e0663 -moo77 .0011 
.3072 -so916 -.0142 .0044 
-0125 -0026 ,0009 -.0019 

RUN 4 2  

CDISAI C P R I S A I  C R M I  S A  I C YM I S A  I 

-0136 -a0019 .oooo -.0019 
.0175 -.0016 - a 0 0 3 6  - s o 0 1 6  
.0140 - . 0 0 2 3  -.0010 -.0019 
-0138 - .0020 .oooo -.0018 
.0144 -.0022 .0016 -.0017 
-0157 -.0021 . o o z s  -.0016 
.0180 -.0027 - 0 0 3 8  -.0014 
.O211 -.0037 -0053 -e0014 
.O2S6 -e0049 m 0069 -.0014 
-0337 - s o 0 5 4  .0078 -so017 
e 0 4 5 2  -so071 -0093 - .0022 
a0576 -.0096 a0103 -a0025 
-0720 -so135.0898 -.0187 
-1334 - a 0 3 2 4  

.0118 
,0127 
-0113 

-.0027 
-a0026 
-so016 

.la94 -so533 .0038 .0004 
~ 2 4 6 2  -so709 -.0036 -0023 
.3062 -a0957 -.0104 -0019 
~ 3 6 6 7  -.1218 -.0112 .0061 
-0135 -.OOLO .0001 -so017 

RUN 44 

C O I S A )  C P M I S A )  C R M I S A )  C Y M  I SA I 

-0367 .0046 -0014 -.0012 
-0378 - .0002 -0078 -.0019 
a 0 3 9 4  -moo62 -0139 -.ooze 
-0406  - a 0 0 9 9  e0172 -a0033 
.0408 -.0111 ~ 0 1 8 3  - .0036 
.0404 -.0095 -0168 -.0032 
a0398 -.0081 e0156 - . 0030  
.0396 - a 0 0 6 5  -0143 -.0027 
-0389 -.0049 .OlZb -moo26 
.0385 -e0031 .0108 -.0024 
-0383 -.0016 .0092 -.0021 
-0378 -.0001 -0076 -.0019 

-0378 .0011 so06 3 -.0018 
,0376 -0025 -0044  -no015 
.0373 .0037 .0029 -so013 
.0371 .0048 .0012 -.0011 
-0369 .0058 -.0003 -.0009 
a0368 -0066 -.0019 -.0001 
-0365 -0076 -a0036 -.ooos 
,0364 .OO82 - a 0 0 4 9  - .0004 
.0365 .0088 - a 0 0 6 5  -.0002 
-0361 -0093 -e0079 .oooo 
-0362 .0098 - .0094 . O O O 2  

C S F ( S A 1  C R M I I A I  C Y M I B A I  

,0044 .OOOb -.0019 
.0015 -moo36 -a0013 
-0038 - .0008 -.0018 
.0042 .0008 -.0018 
.0039 .0015 -a0017 
,0036 
.0027 

.0028 

.0044 
-e0016 
-.0013 

, 0021  -0058 -.OOll 
,0007 00072 -.OOOP 
.0008 
,0007 
.0010 

,0087 
.0094 
-0105 

-.0009 
- .0008 
- .0008 

.OOll .0110 -.0008 

-0026 -0070 -.0014 
.0045 .oooo -.0016 
.0065 -.0076 -.0014 
,0097 -.0149 -so007 

.0016 -0103 -.0009 

.0043 .0009 -.0019 

C S F I S A I  C R M I I A I  C Y N l 8 A l  

.0062 .oooo -.0019 
e0036 -.0037 -.0014 
,0060 -.0010 -.001a 
,0060 .oooo -.0018 
e 0 0 5 5  -0017 -.0017 
- 0 0 5 2  -0025  -so015 
,0042 -0039  -.0012 
,0032 -0053  -.OOlO 
.OO22 a0070 -.0001 
.0020 .0080 -.0008 
.0018 -0095 -.0009 
.OD07 .0106 -a0009 

-.0009 . O l Z O  -e0006 
-e0037 mol30 -.0001 
- a 0 0 6 3  -0113 .OOlO 
-.0027 -0036 a0014 

,0015 -.0041 .0011 
e0064 -.0114 .0011 
.0089 -a0127 -0014 
+0051  .0001 -e0017 

C S f I f A )  C R N I B A I  C Y M I B A )  

.DO06 a 0 0 1 5  -.0010 

.0012 -0079 -.0009 

.0023 .0141 -.0011 

.0029 -0174 -so013 
a0032 .0186 -.0014 
.OOZS no171 -.0012 
,0023 e0158 i.0011 
.0020 e0145 -.OOlO 
.OO22  .0121 -.0011 
.0022 .0110 -.0011 
.0018 .0094 -.OOlO 
.0016 -0078 -.0010 
e0016 -0064 -.0011 
e0013 -0046 -.0010 
.0009 .0030 -.a010 
,0007 
.0001 

-0013 
-.0002 

-.0010 
-.0009 

~ 0 0 0 3  -.0018 -.0010 
-e0003 -a0036 -.0009 
-.0003 - .0048 -.0010 
-a0004 -a0064 -.0010 
-.0012 -so079 -.0009 
-.0012 -moo93 -.0009 

-0360 .0100 -.0107 ~ 0 0 0 5  -.0019 -.0107 -.0008 
-0359 .0102 -.0114 .COO6 -.OOZO -.0114 - .0008 
.OM7 .0047 -0013 -.0012 ,0010 .0014 -.0010 
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TABLE IV.- Continued 

RUN 46 

C O I S A I  C P H I S A I  C R H I S A I  C Y R I S A I  

a0378 -.0010 .0018 -so013 
-0388  -.0061 .0075 -.0019 
.0406 -.0125 -0134 -.0028 

-0419 -mol72 -0175 -.0037 
-0412 -so155 .Dl60 -so033 
.0407 -so138 .0146 -a0031 
-0405  -.0121 -0131 -.0028 
.0397 -.0107 .0118 -.0026 
-0393 -so091 .0104 -.0023 
.0387 -e0075 .0089 - .0021 
.0388 -.0062 .0075 - .0020 
.0386 -.0018 .0061 -moo17 
.0386 -no037 -0050  -.0017 
-0383  -.0021 -0032 -.0014 

SO414 -e0153 ,0158 -.0033 

A L P H A  B E T A  0 C L I S A I  

6.65 .01 957.7194 -2348 
6.67 - 3 . 8 4  961.5770 a2461 
6 - 6 9  -7.80 954.0610 -2616 
6.70 -9 .80 948.8013 ,2680 
6.71 -10.97 955.3248 -2714 
6.70 -9.78 956.3225 m267k 
6 .69  -0.76 95k.8592 -2637  
6.70 -7.79 962.9071 -2621 
6.6'4 -6.78 964.8359 - 2 5 6 7  
6.67 -5.82 954.1941 -2527 
6 .66  -4.81 954.3936 -2475 
6 .66  - 3 . 8 4  956.4555 . 2 4 6 6  
6.66 -2.89 952.9302 -2433 
6.66 -1.92 957.5862 - 2 4 1 4  
6.65 - .94  958.5173 -2377 
6.65 -.OO 958.7169 -2347 
6.66 .98 957.7192 - 2 3 4 4  
6.65 1.92 957.7192 -2311 
6 . 6 5  2.90 958.7169 .2284 
6.65 3.81 957.7192 - 2 2 5 9  
6 . 6 5  4.79 957.7192 a 2 2 4 5  
6 . 6 4  5.73 956.455k .2208 
6 - 6 5  6.67 955.3912 .2208 
6 . 6 5  7.59 956.7880 .2181 
6 - 6 4  8.20 957.7192 .2158 
5 - 6 6  -01 962.5080 ,2362 

A L P H A  B E T A  0 C L I S A )  

-.01 
-2.93 

-.oo 
.01 

957.9778 
957.7118 

-so178-.1064 
-.99 .oo 954.652 2 - .0469 

.04  -.00 9 59.57 41 -.0162 
1-06 -.oo 961.63 58 0 0096 
2.12 
3.19 

-.oo.00 960.106 1 
959.1749 

-0387 
- 0 7 3 4  

4.23 .oo 962.8 994 el060 
5.31 
6 - 4 5  

.Ol 

.02 
9 60.705 6 
960.9106 

-1451.1892 
7.53 .03 958.2437 -2334 
8.65 .04 951.6590 . 2 8 4 4  
9.79 a 0 5  957.7116 -3380 

10.94 - 0 6  957.3125 -3870 
i 3 . 3 0  .09 962.1012 .4995 
15.67 
17.92 

.13 

.18 
956.913k 
955.8592 

,6151 
-722k 

20.15 .22,  952.7896 .e219 
-.oo -.oo 956.7139 -.0167 

A L P H A  B E T A  0 C L I S A )  

-.01 -.OO 957.2477 -.0155 
-3.25 .OO 956.1834 -.1k17 

-.98 -.OO 956.7820 - .0506 
.02 -.OO 958.1788 -.0142 

1.Ok -.OO 963.4331 .0228 
2.06 -.OO 964.3642 ,0612 
3.11 
4.13 

- e 0 0  964.3642 
-.OO 963.1005 

,1052 
-1506 

5.18 .OO 965.4283 ,1972 
6.26 -00 964.3641 .2k8B 
7.3k -00  961.9697 ,3073 
8 . 4 3  - 0 0  960.3734 3664 
9.50 a00 960.9720 4 2 7 5  
10.61 -.oo 955.5846 ~ 4 8 3 1  
12.83 -.01 956.3827 - 5 9 8 2  
15.03 -.03 953.8552 e6833 
17.11 -.05 952 -9906  ~ 7 4 5 2  
19.12 - .08 955.8506 .7748 
21.09 -.09 958.3781 .8020 

-.a0 -.OO 953.4562 -.0122 

C S F I S A I  C R M I B A I  C Y M I B A I  

$0013 .0020 -.0010 
.0031 -0077 -.0010 
.OOk8 -0137 -.0012 
.0060 -0161 -.0014 
,0069 .0178 -so017 
-0062 -0163 -a0015 
-0057 .0119 -.0015 
.OOkV .0133 -.0012 
,0015 .0121 -.0012 
,0039 .0106 -.0011 
,0035 .0091 -.0011 
,0032 .0077 -.OO11 
-0025  -0063 -.0010 
,0025 .0051 -.0011 
.0018 -0033 -.OOlO 
.0012 .0020 -.0010 
,0009 .oooo -.0011 
.0006 -.0009 -.0011 
.0001 -.0027 -.0012 

-.0001 -.0044 -.0012 
- .0009 -.0056 -.0012 
-.0017 -.0070 -.0012 
-.0026 -.0081 -.0011 
-.0032 -.0096 -.0010 
-.0035 -.0103 -.0010 
,0010 .0019 -.OOlO 

a0380 -.0010 .0018 
-0383 a0005 -.0001 
-0380 .0012 -.0011 
.0378 .0024 -.OO28 
-0376 a0035 - . O O k 5  
,0376 . 0 0 4 2  - .0057 
-0372 .0050 -.0070 
-0374 -0055  - .0082 
-0371 -0060  -e0097 
-0369  .0063 -.0104 
,0381 -.0010 .0018 

RUN 4 8  

C D I S A I  C P M I S A )  C R H I  S A  I 

-0130 .0006 - .0006 
-0159 -.0018 -so023 
mol31 -.0010 - .0008 
.Ol29 .0006 -.0005 
.0131 a 0 0 2 4  -a0003 
.0140 .0038 .0002 
-0163 .0050 -0007 
a0189 - 0 0 5 9  .OOlO 
a0233 
io300  

,0062 
-0063 

,0019
,0027 

. 0 3 8 4  . 0 0 4 4  .0038 
.OS02  ,0020 .DO49 
-0645  - .0008 -0061 
-0799 -.0035 e 0 0 6 6  
.1209 -.0119 .0081 
,1729 - . O 2 4 2  .0102 
-2325 -.0375 -0113 
.2994 - . 0 5 4 6  -0124 
.0123 .0007 - .0005 

RUN 50 

C O I S A I  C P M I S A I  C R M I S A )  

.0156 -0088  -e0006 
e0195 -0092 - .OO25 
-0159 ..0085 -a0011 
-0153 .0089 - .0007  
~015 3 .009k -.0002 
.0164 -0093 . 0 0 0 4  
.0182 -0095 .0006 
.O213 - 0 0 8 7  .0017 
-0260  -0090 .0014 
.0342 -0081 e0023 
- 0 4 6 3  -0051 -0029 
a0609 -0005 . O O 2 5  
.0778 -.0052 -0015 
.0964 -.0102 -.0014 
.1422 - s o 2 5 5  - .0083 
.1906 -.0368 -.0196 
-2389 - .OS04 -.0311 
.ea17 - .Ob54 -so385 
-3257 - a 0 8 9 8  -.0398 
.0146 .0090 -.0008 

-.0012 

-.0011 

-.0010
-.0009 
-a0007 
- .0005 
-a0003 
-.0001 

.0001 

.0002 

-.0012 


C Y H  ( S A  I C S F I S A I  C R M I B A I  C Y M I B A I  

.OOOl .0001 - .0006 .0001 

.0007 -a0031 -.0023 .0d08 

.0003 - .0007 -.0008 -0003 

.0002 .0001 -e0005 .0002 

.0001 -0005  -.0003 .0001 

.0002 .OOOl .0002 .0002 

.0004 -.0011 .0007 .0004 
-0003  -.0020 .OD10 .0004 
.0002 -.0036 .0018 ,0004

-.0001 -.0061 .0027 .0002 
-e0003 - .0089 .0038 .0003 
-.0011 -.0112 .0050 - .0003 
-e0019 -e0145 a0063 - .0008 
- . O O Z b  -.0176 -0070 -.OOl3 
-.OOk4 -40258 .0089 - e 0 0 2 5  
-.0074 - . 0 3 5 9  .0118 - . 0044  
-.0102 - .0482 -0139 -a0062 
- e 0 1 2 6  -.Ob33 .0160 -.0075 

. 0 0 0 2  -.0001 - . 0 0 0 5  . 0 0 0 2  

C Y M I S A I  C S F I S A )  C R H I B A I  C Y H I B A I  

-.0016 - 0 0 4 6  - .0006 -.001b 
- .0007 
-.0015 
-.0016 

,0009 
,0039 
.0042 

-.0026 
-.0011 
-.0007 

-.0006 
-so015 
- w o o 1 6  

-a0016 .0042 -.0002 -.0016 
-.0014 .0035 .0005 -.0013 
-.0011 .0030 .0007 -.OOlO 
-.0008 -0019 .0018 - . 0 0 0 6  
- .0007-.0008 .0009 

,0008 
.0015 
.0024 

- s o 0 0 5  
-.0006 

-.OOlO .0004 .0030 - . O O O 6  
-.0011 .0008 e 0 0 2 6  -e0007 
- .0012 .0013 .0017 - .0009 
-e0009 .0018 -.0012 -.0012 
-.0003 -0035  - . 0 0 8 0  -.0021 

- 0 0 2 3  .0057 -.0196 -.ooze 
-0066  .0088 -a0317 - . 0 0 2 9  
.0109 
-0136 

,0133 
-0175 

-a0399 
-.0421 

-.0023 
-.0016 

-no017 .0042 - . 0 0 0 8  -.0017 



A 


TABLE 1V.- Concluded 

RUN 5 2  

C O ( S A 1  CPH(SA1 C R M ( S A 1  C Y H ( S A 1  

-0159 -.0001 .oooo - .0012 
a0192 -moo07 -.0013 -.0006 
-0159 -.0008 
.0155 -.0001 

-a0003 
.0001 

- .0012 
-.0012 

a 0 1  58 .0006 -0003 - .0011 
,0173 .0008 
.0193 ,0009 

a0007 
e0013 

-.0011 
-.oao8 

a0223 . o o w  .0019 -.0006 
no268 -0003 .002s - .OOOk 
60350 -.DO05 e0031 - .OOOk 
-0447 -so017 
e0579 -.0051 

.a035 

.0044 
-.0001-.0000 

,0728 -.0002 . O O k 2  - .0012 
.0906 - . O l l I  no037 - .0013 
,1337 -.0225 .OOZZ - . O O l O  
,1890 -.0435 -.OOLk -0013 

CSF(SA1 C R M l 8 A l  C Y H ( 8 4 1  

.OO*O .oooo -.0012 

.0010 -.0013 -e0005 
00033 -a0004 - .0012 
a0039 
-0035 

.0001 

.a004 
-,0012-.001 1 

.0033 .0008 - .0010 

.0024 -0014 -.0000 
a0014 .0019 - .OOOk 

- .0004  . O O Z b  -.a002 
-moo13 -0031 - .a001 
-so017 .0035 - .0003 
- .0021 ,0045 - s o 0 0 3  
-.0020 -0044 -.0005 
- .oo29 .0039 -.0006 
-a0046 -002 4 -so005 
-.0098 - . O O t ?  -0006 

,2363 - s o 5 7 5  -.O200 ~ 0 0 5 3  .0020 - .0206 --0009 
.2805 -so683 - .0338 -0103 .0102 -.0353 -a0013 
.0153 -.0002 .oooo -.OOlZ .0038 .oooo - .0012 

RUN 5 5  

C O ( S A I  C P ~ ~ S A IC R H  ( S A  1 c ~ n ( s 4  C S F I S A I  C R f l ( 8 4 )  C Y H I 8 4 1  

. .-..0225 
,0215 

- - .0007. ~ . .  .0007 
- 0 0 2 8  - . O D 1 9  

- .0021
-.oaio 

,0077 
.0038 

.0007 
-e0019 

-.a021 
- .0009 

.OZ27 -.000t ,0001 -.0019- ,0068 ,0001 - a 0 0 1 9  

.0220 .oooo .a002 .a02 1 .007v .0002 - .0021 
-0236 
-0257 

-.0012 .001E 
-a0021 ,0019 

-.0021 
-a0016 

.0081 

.0070 
,0012 
.0020 

-.0021 
- .0016 

I 

-0268 -e0037 ,0033 -.0012 -0051 ,0033 -.0010 
e0298 -00013 -0040  -.oooa .0041 .OOkO - .0005 
-0352  - . 0 0 4 6  a0053 - .0006 .0028 .004 3 - .0002 

... 
-0593  - s o 1 2 3  .005s - .a011 .0009 .0056 - s o 0 0 4  
.0761 - . 0204  -0054 -.0017 ,0025 -0056 - .0000 
,0950 - e 0 2 6 2  -0024  -.0017 ,0035 -0026 -so013 
a1165 -.0302 - .0025 -.0015 -0013  -.0022 -.0020 
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( a )  Side-edge e f f e c t .  (b) Leading-edge and augmented e f f e c t .  

Figure 1 . - Concept of augmented-vortex l i f t  appl ied  t o  skewed wing. 
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F igu re  2.- Effect of sweep on t h e o r e t i c a l  l i f t  f a c t o r s  f o r  wing semispan. 
A 1 .0 ;  M, = 0 .  
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F igure  2.- Continued. 
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F igu re  2.- Concluded. 
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Figure 4.- Effect of sweep on cen t ro ids  of t h e o r e t i c a l  l i f t  factors f o r  
wing semispan. A = 1 .O; M, = 0.
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F igu re  5.- Effect o f  a s p e c t  r a t i o  on t h e o r e t i c a l  l i f t  fac tors  f o r  wing 
semispan. A 30°; M, 0 .  
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Figure  6.- Effect 	of  a s p e c t  r a t i o  on c e n t r o i d s  o f  t h e o r e t i c a l  l i f t  f a c t o r s  
for wing semispan. A = 30°; M, = 0. 
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F igure  7.- Potent ia l -span-load c o e f f i c i e n t  and s e c t i o n  suc t ion  c o e f f i c i e n t  
d i s t r i b u t i o n s  on a swept wing and on a skewed wing. A = 4 5 O ;  A = 1.0; 
M, = 0. 
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F igu re  7.- Concluded. 
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(a)  Models I, 11, 111, IV, and V. 


Figure  8.- General l ayou t  of model planforms. (See t a b l e  I.) 
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( b )  Model V I .  

Figure 8.- Concluded. 
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L-75-7 120 
( c >  Model 111, A = 550, A = 7.0. 

F i g u r e  9.- Continued. 
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L-75-8372 
(d) Model VI, A = 4 5 O ,  A = 1.0. 

Figure 9 .  - Concluded. 
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(a> One-quarter rear viaw OF model II. 

Figure 10.- Installation of model. 



L-75-7 133 
(b) One-quarter f r o n t  view of model 11. 

Figure  10.- Concluded. 



L-71-3 15 
(a> a :: 50. 

Figure 11.- Oil-flow pat terns  on model I. A = 300; A = 1.0; Msz 0.12. 
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Figure  11.- Continued. 
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Figure  11.- Concluded. 
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(a> c1 z 50. 

Figure 12.- Oil-flow pat terns  on model IT. A = 45O;  A = 1.0; M, = 0.12. 
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Figure  12.- Continued. 
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F i g u r e  13.- Oil-flow p a t t e r n s  on model 111. A = 5 5 9 ;  A = 1.0; Ma=: 0.12. 
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Figure 13.- Concluded. 



( a )  Low ang le  of  a t t a c k .  

F igu re  14.- Sketch of f low p a t t e r n  on wing-fuselage model. 
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(b) High angle of a t t a c k .  

Figure 14.- Concluded. 
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Figure 15.- Effect of leading-edge sweep on longitudinal aerodynamic 
characteristics of skewed wing. A = 1 .O; M, z 0.12. 
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Figure  16.- Effect of a s p e c t  r a t i o  on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  of skewed wing. A = 30°; M, z 0.12. 
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Figure  17.- Effect of dummy ba lance  housing on l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  of  skewed wing f o r  models I t o  V ,  M, =: 0.12. 
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(b) A = 45O, A 1.0 .  

Figure 17.- Continued. 
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F igu re  17.- Continued. 
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(d) A = 30°, A = 1.5. 

Figure 17.- Continued. 
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F i g u r e  17.- Concluded. 
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Figure  18.- Effect of c y l i n d r i c a l  fuselage and dummy balance housing on 
l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  of skewed wings. A = 45'; 
A = 1.0; M, 2 0.12. 
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Figure  19.- Effect of leading-edge sweep on l a t e r a l - d i r e c t i o n a l  aerodynamic 
c h a r a c t e r i s t i c s  o f  skewed wings. f3 = O o ;  A = 1.0; M, =: 0.12. 



Figure  20.- Effect of  a s p e c t  r a t i o  on l a t e r a l - d i r e c t i o n a l  aerodynamic 
characterist ics of  skewed wings. �3 Oo; A = 30°; M, z 0.12. 
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( a )  A = 30°, A = 1.0. 

Figure  21.-	 Effect of dummy ba lance  housing on l a t e r a l - d i r e c t i o n a l  aerodynamic 
c h a r a c t e r i s t i c s  of  skewed wings. B = Oo; M, =: 0.12. 
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(b) A = 4 5 O ,  A z 1.0. 

Figure  21.- Continued. 
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Figure  21.- Continued. 
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Figure  21.- Concluded. 
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Figure 22.- Effect of c y l i n d r i c a l  f u s e l a g e  and dummy ba lance  housing on 
l a t e r a l - d i r e c t i o n a l  aerodynamic c h a r a c t e r i s t i c s  of skewed wings.
B = 00; A = 45O;  A = 1.0; M, =: 0.12. 
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Figure  23.- Effect o f  s i d e s l i p  ang le  and dummy ba lance  housing on 
l a t e r a l - d i r e c t i o n a l  aerodynamic c h a r a c t e r i s t i c s  o f  skewed wings. 
A = 30°; A = 1.0; M, +z 0.12. 
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Figure  24.- Effect o f  leading-edge sweep on l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  
d e r i v a t i v e s  ( c a l c u l a t e d  f o r  Q0 and -4O s i d e s l i p )  of skewed wings. 
A 1.0; M, z 0.12. 
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Figure  25.- Effect o f  dummy balance housing on l a t e r a l - d i r e c t i o n a l  aerodynamic 
s t a b i l i t y  d e r i v a t i v e s  ( c a l c u l a t e d  f o r  bo and -4O s i d e s l i p )  of skewed wings. 
A = 1.0; M, z 0.12. 
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Figure  25.- Concluded. 
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(a)  A = 300, A = 1.0. 

Figure  26.- Comparison of t h e o r e t i c a l  and experimental  l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  of skewed wing. Dummy ba lance  housing on; M, z 0.12. 
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(b) A = 4 5 O ,  A = 1.0. 

Figure 26.- Continued. 
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Figure 26.- Continued. 
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(e)  A = 300, A = 2.0. 

F igu re  26.- Concluded. 
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Figure 27.- Comparison of  t h e o r e t i c a l  and experimental  .l o n g i t u d i n a l  aerodynamic 
c h a r a c t e r i s t i c s  f o r  model V I .  A 450; A = 1.0; M, =: 0.12. 
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Figure 28.- Comparison of theoretical and experimental rolling-moment 
characteristics. Dummy balance housing on; M, =: 0.12. 
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(b) A = 450, A 1.0. 

Figure  28.- Continued . 
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Figure  28.- Continued. 
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F igure  28.- Continued. 
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